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Secretary  of  Internal  Affairs, 
Department  of  Internal  Affairs, 
Harrisburg,  Pennsylvania. 


Dear  Sir : 


I have  the  honor  to  present  herewith  and  to  recommend  the  publica- 
tion of  a volume  on  the  Devonian  rocks  of  Pennsylvania.  Of  the 
twelve  rock  systems  present  in  Pennsylvania,  it  is  by  all  odds  the 
largest,  both  in  volume  and  thickness  of  rocks,  and,  next  to  the  Penn- 
sylvanian, which  contains  the  Coal  Measures,  is  largest  in  exposed  sur- 
face and  in  the  value  of  mineral  products  that  rocks  of  this  age  have 
yielded.  Devonian  rocks  have  yielded  most  of  the  oil  and  gas  found 
in  Pennsylvania,  most  of  the  gla.ss  sand  which  has  made  our  glass 
industry  the  greatest  in  the  world,  limestone  for  building,  flagstone, 
fine  sand  for  many  uses,  silica  clays,  some  iron  ore  and  other  minor 
products. 

From  the  scientific  side  the  Devonian  is  perhaps  more  completely 
developed  and  in  greater  thickness  in  Pennsylvania  than  anywhere 
else  in  the  world,  having  a maximum  thickness  of  10,000  feet  or  more 
and  representing  an  original  body  of  sediments  of  probably  not  less 
than  50,000  and  possibly  60,000  cubic  miles  of  rock  in  Pennsylvania 
alone,  a larger  bodj’  than  probably  exists  in  any  similar  area  in  the 
world. 

The  present  study  represents  many  years  of  work,  all  three  of  the 
authors  having  spent  a few  to  many  years  in  a study  of  the  subject 
before  being  asked  to  join  the  Survey.  The  sections  on  the  Oriskany 
by  Dr.  Arthur  B.  Cleaves,  and  on  the  Helderberg  by  Dr.  Frank  M. 
Swartz,  are  condensed  reports  covering  highly  detailed  studies  of 
those  two  groups  of  rocks  upon  which  more  detailed  reports  will  be 
presented  later.  Each  of  these  groups  represents  rocks  having  a thick- 
ness of  only  a few  hundred  feet  and  their  outcrops  have  been  traced, 
mapped  and  studied  along  the  hundreds  of  miles  through  which  they 
crop  out  in  Pennsylvania. 

The  rest  of  the  report  by  Dr.  Bradford  Willard  covers  thoi;sands 
of  feet  of  sediments  of  the  Middle  and  Upper  Devonian.  The  Second 
Geological  Survey  subdi\flded  these  rocks  into  two  formations.  In 
the  present  report  they  are  divided  into  nine  groups,  each  of  which 
is  divided  into  two  or  more  formations,  and  these  in  turn  into  a large 
number  of  identified  and  described  members  or  strata.  It  is  antici- 
pated that  this  report  will  find  interested  readers  among  geologists  all 
over  the  world,  for  the  Devonian  is  one  of  the  major  divisions  of  earth 
history,  its  rocks  are  world  wide,  and  this  report  will,  I believe,  for 
many  years  be  a standard  text  book  for  the  American  Devonian. 

Finally,  I want  to  express  my  appreciation  to  the  three  authors  of 
this  report  for  the  fine  work  they  have  done. 

Respectfully  submitted, 


October  25,  1938. 


L30208TEO 


II.  ASHLEY, 

State  Geoloaist. 
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THE  DEVONIAN  OF  PENNSYLVANIA 

By  Bradford  Willard 


INTRODUCTION 

DEVONIAN  DEVELOPMENTS 

One  hundred  years  ago  the  first  understanding  of  Avhat  Ave  now  call 
the  Devonian  system  began  to  form  in  England.  Sedgwick  and 
Murchison  had  just  established  interpi-etations  of  their  Cambrian  and 
Silurian  systems  in  Wales  (98,  268).*  These  systems  were  known  to 
be  separated  from  the  Culm  or  Carboniferous  by  a succession  of  red 
rocks,  the  Old  Red  Sandstone,  but  the  nature  of  this  intervening  series 
was  little  understood.  Hugh  Miller’s  keen  observation,  set  down  in 
his  masterly  English,  had  yet  to  immortalize  these  rocks  and  their 
comparatively  rare  fossils.  The  unraveling  of  the  Cambrian  and 
Silurian  systems  was  an  important  stage  in  the  analysis  of  the  Gray- 
wacke,  but  both  Murchison  and  Sedgwick  appreciated  that  much  of 
Devonshire  and  Cornwall  was  underlain  by  still  more  rocks  of  the 
Graj’Avaeke  or  Transition  whose  nature,  position  and  relation  to  other 
systems  were  questions  unanswered  in  1836.  Attacking  the  problem, 
they  presently  established  that  the  rocks  of  southwestern  England 
are  older  than  the  Coal  Measures,  yet  disagreed  with  De  La  Beehe 
who  would  have  sunk  them  even  below  the  rest  of  the  Graywaeke. 
It  was  appreciated  that  the  few  fossils  then  known  from  these  beds 
were  assignable  to  neither  the  Cambrian,  the  Silurian  nor  the  Car- 
boniferous. The  resulting  explorations  by  Sedgwick  and  Murchison 
culminated  in  the  recognition  of  the  Devonian  system.  First,  how- 
ever, this  Graywaeke  of  the  southwest  was  shown  to  underlie  the 
Culm  or  Carboniferous.  In  this  structurally  complex  area  its  spon- 
sors were  uncertain  of  their  correlations  and  unable  to  find  an 
analogy  with  the  Old  Red  Sandstone  across  Bristol  Channel  where 
that  enigmatic  series  intervened  between  Carboniferous  and  Silurian 
strata.  Until  more  fossils  from  the  Devonshire  Graywaeke  were 
studied,  Sedgwick  and  Murchison  were  inclined^  to  suppose  that  it 
was  merely  much  altered  Cambrian.  Fossils  eventually  being  found 
in  some  abundance,  they  were  submitted  to  William  Lonsdale  in  1837. 
It  is  to  Lonsdale  that  the  first  understanding  of  the  true  position  of 
the  Devonian  system  should  be  attributed ; for,  after  careful  study, 
he  concluded  that  the  remains  from  these  rocks,  though  they  showed 
both  Carboniferous  and  Silurian  affinities,  belonged  to  neither  system, 
but  were  to  be  interpreted  as  lying  in  an  intermediate  system,  be- 
tween these  two  and  therefore  deposited  “parallel”  to  the  Old  Red 
Sandstone.  Although  Murchison  and  Sedgwick  at  first  hesitated  to 
accept  Lonsdale’s  designation,  they  were  presently  convinced  of  its 
truth  and  adopted  his  views.  Subsequent  paleontologie  work  by 
Sowerby  and  Phillips,  in  particular,  strengthened  their  position. 
Thus  Avas  the  DcAmnian  established  as  a system  intermediate  betAveen 
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the  Carboniferous  above  and  the  Silurian  below  and  equivalent  to 
the  Old  Red  whose  age,  conversely,  was  determined.  The  original 
definition  of  the  Devonian  system  appeared  in  print  in  the  Trans- 
actions of  the  Geological  Society  of  London  for  1839  (187). 

Following  the  establishment  of  Devonshire  as  the  type  locality  for 
their  new  system,  Sedgwick  and  Murchison  visited  the  far  better 
sections  of  the  Rhineland,  the  Harz  and  the  Fichtelgebirge  and  recog- 
nized the  better  development  of  the  system  there  on  the  Continent 
than  in  England.  Further  pioneer  studies  in  Europe  were  prosecuted 
during  the  succeeding  years  of  the  middle  nineteenth  century  by 
Barrande,  Beyrich,  Losen,  Roemer  and  their  colleagues,  but  this 
account  must  turn  to  North  America  and  the  beginnings  there  of 
Devonian  study  which  have  led  up  to  our  present  understanding  of 
the  system  (144,  145). 

In  the  year  1836  when  Sedgwick  and  Murchison  were  contemplating 
their  Devonshire  expedition,  American  state  surveys  were  beginning 
to  be  organized.  Those  of  New  York  and  Pennsylvania  were  both 
established  in  that  year,  the  former  only  seventeen  days  younger  than 
the  latter.  They  had  their  inception  at  a time  when  geologic  thought 
was  receiving  strong  impetus,  and  public  interest  was  in  crescendo. 


New  York  Devonian 

Correlations  between  Europe  and  North  America  were  early  tried 
by  the  founders  of  American  geology.  The  tying  in  of  American 
strata  with  European  was  attended  with  varying  approximations  to 
the  truth  and  miscellaneous  degrees  of  success.  Realizing  the  com- 
plications accompanying  such  efforts  to  cram  our  succession  into  the 
Old  World  mold,  some  of  our  forbears  tried  to  establish  geologic 
nomenclatures  of  their  own,  based  on  type  regions  on  this  side  of  the 
Atlantic.  Emmons’s  brief  “New  York  System”  of  a century  ago, 
is  one  of  the  earliest  attempts.  In  those  beginning  years,  both  James 
Hall  of  Albany  and  Henry  D.  Rogers  of  Philadelphia  proposed  sys- 
tems of  Paleozoic  nomenclature.  To  Hall  we  attribute  the  initial 
deciphering  of  the  New  York  Devonian.  His  work,  rivaled  or  sur- 
passed in  nineteenth  century  geological  annals  only  by  that  of 
Barrande,  may  be  said  to  have  commenced  with  the  publication  in 
1843  (110)  of  his  New  York  State  report  of  “The  Survey  of  the 
Fourth  Geologic  District”  [New  York].  It  covered  a part  of  the  State 
which  contains  some  of  the  best  Devonian  within  its  borders.  His 
work  was  stimulated  and  his  activities  accelerated  by  Murchison’s 
studies,  and  it  is  disappointing  that  the  term  Devonian  appeared 
before  Hall  could  conscientiously  suggest  a better,  more  appropriate 
designation  drawn  from  New  York  nomenclature.  This  Hall  himself 
regretted  when  he  characterized  the  Devonian  as  “a  system  founded 
in  error.”  With  the  passing  years,  the  New  York  sequence  became 
ever  better  understood,  and  complicated  nomenclature  grew  up  as 
subdivisions  multiplied  until  the  pre.sent  unwieldy  sequence  evolved. 

It  came  to  be  realized  early  that  in  New  York  State  a Paleozoic 
sequence  was  exposed  which  in  a great  measure  outrivaled  Europe’s 
best.  Particularly  is  this  true  of  the  unbroken  succession  of  Devonian 
rocks  which,  with  their  abundant  marine  faunas  and  equivalent 
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fresh-water  facies,  spreads  over  so  larg'e  a part  of  the  Empire  State. 
Eventually  the  whole  cpiestion  of  nomenclature  .settled  down  to  a 
species  of  compromise  between  Europe  and  America,  at  least  in  so  far 
as  American  geologists  were  concerned.  The  major  Eui’opean  units, 
the  systematic  names,  were  largely  adopted  in  America,  but  for  lesser 
divisions,  local,  geographic  names  became  the  fashion  until  the  New 
York  Devonian  sequence  grew  to  be  the  type  for  much  of  North 
America,  particularly  for  the  eastern  United  States  or  the  Appalach- 
ian region. 


First  Pennsylvania  Survey 

Henry  Darwin  Rogers  was  ap- 
pointed first  State  Geologist  of 
Pennsylvania  in  1836  (136,  108), 
and  continued  to  hold  office 
through  a broken  but  productive 
administration  of  more  than 
twenty  years,  climaxed  by  his 
final  report,  “The  Geology  of 
Pennsylvania,”  in  1858  (177). 

Before  the  end  of  1836,  the  First 
Annual  Report  (171)  was  off  the 
press.  It  would  be  difficult  to 
find  in  an  equally  brief  account 
of  that  time  as  much  “meat”  as 
this  tiny,  paper-covered  volume 
contains.  In  it  is  not  only  a re- 
port of  the  Survey’s  personnel 
and  activities  for  the  first  year, 
but  a statement  of  the  results  of 
that  season’s  field  work.  In  that 
initial  year  was  established  the 
basis  for  the  future  interpretation 
of  the  Paleozoic  column  for  Penn- 
sylvania. It  is  remarkable  that, 
hampered  by  inadequate  funds, 
a dearth  of  trained  helpers, 
operating  almost  before  trans- 
portation began  to  shift  from  stage  coach  and  Conestoga  wagon  to 
canal  and  railroad,  and  working  in  a nearly  unmapped  region,  much 
of  which  was  still  virgin  wilderness  so  wild  that  even  the  pack 
train  proved  impracticable,  such  results  should  be  obtained. 

To  his  “Appalachian  System”  Rogers  assigned  twelve  (later  thir- 
teen) divisions,  many  of  which,  with  small  changes,  are  valid  today. 
Though  modern  stratigraphic  boundaries  are  not  always  drawn  at 
the  same  places,  Rogers  determined  his  with  a precision  based  upon 
firm  reasoning  which  bespeaks  an  acuteness  of  observation  seldom 
rivaled  today  in  our  best  trained  men  operating  with  all  the  advan- 
tages of  modern  science  and  equipment.  Rogers’s  divisions  6,  7,  8 
and  9 embrace  the  strata  that  include  the  highest  Silurian  through  to 
the  base  of  the  Mississippian,  that  is,  a little  more  than  the  entire 
Devonian.  The  Second  Annual  Report  of  Rogers,  1838  (172), 


Figure  1.  Henry  D.  Rogers,  First 
State  Geologist  of  Pennsylvania. 

After  J.  TV.  Gregory. 
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amplified  the  First  and  recognized,  because  of  the  addition  of  the 
Cambrian  quartzite  made  known  in  the  interim  of  field  work  since 
1836,  thirteen  instead  of  the  original  dozen  Paleozoic  divisions.  It 
is  in  this  report  that  he  began  to  use  Roman  numerals  for  the 
“formations,”  a usage  which  even  today  has  not  been  entirely 
abandoned  by  our  State  Survey  (99).  Thus,  X is  the  Pocono  of 
early  Mississippian  and  IX,  VIII,  VII  and  VI  are  assigned  to  the 
Devonian.  “Formation”  VI  evidently  embraced  beds  of  Silurian 
age,  but  we  should  note  that  it  is  only  in  very  recent  years  that  any 
semblance  of  agreement  has  been  reached  as  to  where  the  Devonian- 
Silurian  boundary  should  be  drawn  in  Pennsylvania.  His  un- 
equivocal definitions  make  recognition  of  the  several  major  divisions 
clear.  Passing  over  the  remaining  four  annual  reports  (173,  174, 
175,  176),  which  contribute  little  on  the  Devonian,  to  “The  Geology 
of  Pennsylvania,”  1858  (177),  we  have  one  of  the  outstanding  State 
Survey  reports  of  the  nineteenth  century. 

Aside  fi'om  the  contents,  the  1858  report  is  to  be  admired  for  its 
composition.  The  carefully  drawn,  precisely  printed  maps,  the 
clearly  engraved  cuts  based  upon  Lehman’s  artistic  field  sketches, 
and  the  quaint,  naturalistic  sections  are  truly  beaixtiful.  The  con- 
tents are  worthy  of  such  presentation  and  merit  special  eulogy.  It 
is  here  that  Rogers’s  ideas  on  nomenclature  culminated.  They  deserve 
comment  if  for  no  other  reason  than  for  their  grotesqueuess.  No 
student  of  the  history  of  American  geology  has  escaped  noting  the 
series  of  Latin  terms  that  Rogers  introduced  to  designate  the  major 
Paleozoic  divisions.  Disgusted  with  European  sequences  and  names 
and  unwilling  to  adopt  “imported”  New  York  terms  which  he  recog- 
nized but  believed  of  local  value  only,  Rogers,  to  quote  the  late 
J.  B.  Woodworth,*  published  “a  bizarre,  Bizantine  Latin  nomencla- 
ture” whose  terminology  was  wholly  unrelated  to  lithology,  fossils, 
localities  or  any  other  distinguishing  geologic  feature  or  phenomenon. 
Taking  Latin  divisions  of  the  night  and  day,  he  used  them  for 
“formation”  names,  divisions  essentially  of  present-day  systemic 
value.  At  best  it  was  an  application  of  abstract  chronology  to  con- 
crete matter.  It  may  have  been  logical,  but  it  was  too  outlandish, 
too  cumbersome,  too  little  comprehended  to  be  well  received.  Save  for 
adoption  in  Virginia  and  Maryland  for  a short  time,  Rogers’s  Latin 
names  seem  to  have  made  little  contemporaneous  impression.  It  is 
interesting  to  observe  that  he  most  meticulously  designated  the  New 
York  equivalents  of  all  his  divisions,  perhaps  tacitly  accepting  Hall’s 
work  as  the  standard,  though  not  openly  admitting  such  a concession. 
However,  names  being  one  thing  and  definitions  another,  we  may  turn 
to  the  text  of  Rogers’s  report.  In  describing  each  unit,  his  ter- 
minology may  be  slightly  archaic  at  times  (“slate”  for  “shale”,  etc.), 
but  his  meaning  is  perfectly  clear.  The  Devonian  in  the  1858  report 
is  divided  as  follows : 

PONENT  SERIES 

PONENT  RED  SANDSTONE  (Catslcill  Group  of  New  York).— In  its  fullest 
development  this  is  a mass  of  very  thick  alternating  red  shales,  and  red 
and  grey  argillaceous  sandstones.  It  has  very  few  organic  remains.  Among 
them  is  Holoptychius,  and  one  or  two  other  remarkable  fossil  fishes,  of 
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genera  distinctive  of  Old  Eed  Sandstone.  This  formation  has  its  maximum 
thickness  in  its  southeastern  outcrops,  where  it  measures  more  than 
5000  feet. 


VERGBNT  SERIES 

VERGENT  SHALES  (Chemung  Group  of  Neiv  York). — A thick  mass  of 
grey,  blue,  and  olive-coloured  shales,  and  grey  and  brown  sandstones.  Tiie 
sandstones  predominate  in  the  upper  part,  where  the  shales  contain  many 
fossils.  Thickness  in  Huntingdon,  3200  feet. 

VERGENT  FLAGS  (Portage  Flags  of  New  York).— A ratlier  fine-grained 
grey  sandstone  in  thin  layers,  parted  by  thin  alternating  bands  of  shale. 
It  abounds  in  marine  vegetation.  Thickness  in  Huntingdon,  1700  feet. 

CADENT  SERIES 

CADENT  UPPER  BLACK  SLATE  (Genessee  Slate  of  New  Yorki.~-.\ 
brownish-black,  and  in  some  regions  bluish-black,  very  fissile  slate,  char- 
acterized by  its  small  and  delicate  fossils;  many  of  them,  as  Leptavna 
setigera,  identical  with  those  of  the  Cadent  Lower  Black  Slate.  It  is  the 
lowest  known  horizon  of  Carboniferous  plants.  Thickness  in  Huntingdon, 
300  feet. 

CADENT  SHALES  (Hamilton  Group  of  New  York). — Bluisli-grey,  brown- 
ish, and  olive-coloured  argillaceous  shales,  including  in  some  districts  thin 
beds  of  dark-grey  and  bro'wn  sandstone.  It  has  many  fossils,  particularly 
bivalve  shells.  Thickness  in  Huntingdon,  600  feet. 

CADENT  LOWER  BLACK  SLATE  (Marcellus  Slate  of  New  York).— A 
black  and  highly  bituminous  slate,  graduating  upwards  into  a dark-blue 
argillaceous  shale.  In  some  districts  these  are  overlaid  by  greenish-grey 
sandy  shales.  In  Pennsylvania,  Virginia,  and  Tennessee,  a thin  argil- 
laceous limestone  generally  occurs  near  the  bottom  of  the  black  slate.  The 
fossils,  with  few  exceptions,  are  of  diminutive  size,  most  of  them  identical 
with  those  of  the  Cadent  upper  black  slate.  Thickness  in  Huntingdon,  250 
feet. 

POST-MERIDIAN  SERIES 

POST-MERIDIAN  LIMESTONE  (Upper  Helderberg  or  Corniferous  of 
New  York,  part  of  Cliff  Limestone  of  Western  States). — In  North-Eastern 
Pennsylvania,  New  Jersey,  and  New  York,  a blue,  and  in  some  portions 
a sparry  limestone,  including  bands  and  nodules  of  chert.  In  Upper 
Canada  and  the  Western  States  it  is  light-grey  and  straw-coloured,  and 
sometimes  oolitic,  still  retaining  the  chert.  Among  its  many  fossils  are 
numerous  large  corals,  as  Favosites  Gothlandica,  Favistella,  &c.,  and  char- 
acteristic shells,  as  the  Pleurorhynchus  trigonalis.  Its  thickness  east  of 
the  Delaware  Water-Gap  is  about  80  feet. 

POST-MERIDIAN  GRITS  (Caudi-Galli  and  Schoharie  Grits  of  New  York). 
— A formation  containing  two  members  hitherto  only  met  with  in  a limited 
district  in  New  York.  The  lower  member  is  a dark-greenish  argillaceous 
rock,  recognisable  by  a peculiar  plant,  resembling  somewKat  a cock’s  tail. 
The  upper  member  is  a more  calcareous  grit.  This  formation  is  largely 
developed  in  New  Jersey,  north-east  of  the  Delaware  Water-Gap,  where  it 
has  a thickness  of  300  feet. 

MERIDIAN  SERIES 

MERIDIAN  SANDSTONE  (Oriskany  Sandstone  of  New  York). — A coarse, 
yellowish,  calcareous  sandstone,  graduating  near  its  upper  limit  into  a 
fine-grained  quartzose  conglomerate,  and  becoming  in  its  lower  beds  a 
coarse  arenaceous  limestone,  characterised  by  the  Atrypa  elongata,  Spirifer 
arenosus,  and  other  remarkable  large  Brachiopodous  shells.  Its  greatest 
thickness  on  the  Juniata  is  about  150  feet. 
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MERIDIAN  SLATE. — A dark  ash-coloured  and  blackish  slate,  passing' 
upward  into  a dark  ashy  g'rey  sandy  calcareous  rock.  It  has  its  greatest 
thickness  on  the  Upper  Juniata,  near  Frankstown,  where  it  is  170  feet. 

PRE-MEETDIAN  SERIES 

PRE-MERIDIAN  LIMESTONE  (Lower  Helderherg  Limestone  of  New 
York). — A diversified  calcareous  formation,  usually  of  some  shade  of 
greyish  blue.  It  is  argillaceous  and  flaggy  in  its  lower  beds,  and  shaly 
towards  the  middle.  It  frequently  contains  layers  and  nodules  of  chert, 
especially  near  its  upper  limits.  It  has  many  characteristic  fossils,  the 
Pentameris  galeatus,  and  other  shells,  with  corals.  The  average  thickness 
of  this  rock  is  between  50  and  100  feet. 

SCALENT  SERIES.* 

SCALENT  LIMESTONE  (Water  Lime  Group  of  New  York). — A blue  flaggy 
limestone,  sometimes  containing  bands  of  chert.  Certain  portions  have  a 
thinly-bedded,  wavy  stratification  [Tonoloway].  It  is  frequently  highly 
magnesian,  and  is  extensively  employed,  especially  in  New  York,  for  making 
hydraulic  cement.  This  rock  contains  the  Cytherina  alta,  Tentaculites 
ornatus,  and  a few  other  distinctive  fossils.  Thickness  on  the  Juniata, 
250  feet. 

To  these  descriptions  by  Rogers  of  those  of  his  divisions  that  em- 
brace the  Devonian,  it  is  necessary  to  add  his  paragraph  on  the 
Vespertine  Series  (Pocono  of  today)  because  of  references  which  I 
shall  occasionally  make  thereto. 

VESPERTINE  SERIES 

VESPERTINE  CONGLOMERATE  AND  SANDSTONE.— White,  grey  and 
yellowish  sandstone,  lalternating  with  coarse  siliceous  conglomerates,  and 
dark-blue  and  olive-coloured  slates.  It  frequently  contains  beds  of  black 
carbonaceous  slate,  with  one  or  more  thin  seams  of  coal.  The  only  organic 
remains  are  fragments  of  coal  plants;  some  of  these  are  specifically,  and 
even  generically,  different  from  those  of  the  Serai  coal  series.  It  has  its 
greatest  thickness  near  the  Susquehanna,  where  it  measures  2660  feet. 

Many  are  the  data  and  great  the  detail,  especially  anent  geographic 
distribution,  left  us  by  Henry  D.  Rogers.  Most  of  the  facts  are  as 
pertinent  today  as  in  1858.  "We  marvel  at  their  wealth  and  how  he 
was  able  to  produce  so  accurate  a State  geologic  map  (177).  Not 
intimidated  by  State  boundaries,  Rogei-s  traveled  far,  and  those  of 
his  writings  that  suggest  correlations  of  Pennsylvania’s  rocks  with 
extraterritorial  sections  show  a wide  and  accurate  appreciation  of 
Appalachian  stratigraphy.  We  may  smile  smugly  at  the  theories  of 
dynamic  geology  of  the  brothers  Rogers,  but  we  must  listen  with 
earnest  attention  when  Henry  D.  talks  on  the  stratigraphy  of  Penn- 
sylvania. Even  though  he  clothes  his  stratigraphy  in  impossible 
terminology,  he  gives  us  a succession  that  in  every  way  is  favorably 
comparable  with  that  then  known  for  the  New  York  Paleozoic.  Had 
the  subsequent  work  of  our  State  Surveys  paid  more  attention  to 
pure  and  less  to  applied  geology,  as  has  been  the  case  in  New  York, 
and  simultaneously  looked  more  often  beyond  our  own  borders,  per- 
haps we  might  today  point  to  Pennsylvania,  not  New  York,  as  having 
the  best  understood  Paleozoic  succession  in  eastern  North  America. 

• This  series  Is  largely  to  be  correlated  ■with  our  highest  Silurian  as  used  today,  but 
Its  uppermost  member  embraces  part  of  the  Helderberg  group,  and  therefore  Is  quoted 
here  In  part. 
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Second  Pennsylvania  Survey 


The  Second  Pennsylvania  Survey,  -R^hieh  ran  for  some  score  years 
after  its  founding  in  1874,  is  often  referred  to  as  “the  Lesley  Survey’’ 
after  its  leader,  the  brilliant  Joseph  Peter  Leslej'',  in  contradistinction 
to  the  First  or  “Rogers  Survey.’’  Lesley  tripped  otf  his  survey’s 
avalanche  of  publication  with  an  interesting  book  (Volume  A)  on 
the  history  of  Pennsylvania  geology  (136).  He  himself  had  been  a 
member  of  the  First  Survey  and  was  amply  cpialified  to  leave  such 
a record,  and  many  are  the  personal  touches  which  he  adds  in  dry, 
often  facetious  humor.  To  cite  but  one,  mentioning  the  mysterious 
disappearance  of  the  collection  of  fossils  made  by  the  First  Survey 
and  ostensibly  deposited  in  the  State  Museum,  he  remarks  that  they 
turned  up  in  the  State  Lunatic 
Asylum ! Lesley ’s  antipathy  f or 
fossils  was  apparently  as  strong  as 
his  gift  of  sarcasm. 

From  Lesley’s  own  statement,  he 
was  the  first  geologist  to  receive 
a specific  assignment  covering  Devoii- 
ian  strata  in  the  State.  AVhen,  in 
1840',  he  joined  the  First  Survey, 
he  was  set  at  work  mapping  the 
Devonian  formations  cropping  out 
around  the  anthracite  basins.  Judg- 
ing from  some  of  the  mapping 
of  this  region,  particularly  the 
Pocono  Plateau,  work  which  Lesley 
acknowledged  his  own,  his  maiden 
assignment  and  subsequent  work  on 
the  Devonian  in  the  northeast  has 
brought  him  few  laurels.  Nor  were 
other  members  of  his  Second  Sur- 
vey staff  above  reproach  in  this 
matter.  Of  the  scores  of  volumes 
published,  many  include  descriptions 
and  maps  of  parts  of  the  Devonian 
system,  but  few  carry  statements 
regarding  that  system  which  are 
of  sufficient  accuracy  still  to  be 


Figure  2.  Joseph  P.  Lesley, 
Second  State  Geologist  of  Penn- 
svlvania. 

After'G.  P.  Merrill. 


accuracy  still  to  be  applicable.  All  must  be 
rechecked  and  used  with  utmost  caution.  The  mapping  is  generally 
reliable,  though  hardly  an  improvement  over  that  of  the  Rogers  Sur- 
vey. Occasionally  serious  errors  were  made.  Everywhere,  speaking 
particularly  of  the  Devonian,  there  is  a lack  of  detail,  showing  an 
inability  of  the  workers  to  apply  stratigraphic  and  paleontologic 
principles.  The  mere  fact  that  so  many  independent  workers  studied 
their  assigned  areas  and  failed  to  coordinate  them  shows  not  only  a 
lack  of  proper  organization  of  the  staff,  but  a failure  of  the  Chief  to 
establish  essential  cooperation  and  indispensable  exchange  of  data 
among  his  personnel.  Always,  the  Second  Survey  is  to  be  mistrusted 
when  Devonian  fossils  are  cited.  Distinctive  fossils,  even  entire 
faunas,  were  sometimes  completely  missed  or  incorrectly  classified. 
Thus,  “ Spirifer”  disjunctiis,  so  important  in  separating  the  Chemung 
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trom  the  Portage,  was  not  recognized  in  regions  where  it  is  common; 
and,  conversely,  was  reported  widely  over  areas  where  it  is  now  known 
to  be  totally  absent.  The  Tnlly  and  Onondaga  faunas  were  generally 
either  missed  completely  or  incorrectly  identified,  the  Marcellus  and 
“Genesee”  w'ere  confused,  and  the  llamilton.  Portage  and  Chemung 
were  sometimes  mapped  together  as  a single  unit,  presumably  through 
juability  to  separate  their  faunas.  Nevertheless,  the  Second  Survey 
did  carry  on  its  rolls  names  of  men  to  Avhom  homage  is  due  for  the 
liigh  quality  of  their  pioneer  achicAmments  in  Devonian  stratigraphy. 


Figure  3.  I.  C.  While,  out^taiul- 
iiig  slratigrapher  of  the  .Seconcl 
Pennsylvania  Geological  Survey, 
from  a portrait  taken  while  a 
member  of  the  staff. 

In  reading  their  re])orts  one  sometimes  is  tempted  to  feel  that,  had 
they  been  unhampered  by  the  interfering,  tampering  and  nullifying 
influence  of  the  State  Geologist,  they  Avould  liaA’e  produced  far  more 
creditable  accounts.  The  extensive  and  on  the  Avhole  acute  observa- 
tions of  I.  C.  White  are  a lasting  credit  to  his  memory.  They  represent 
at  once  the  most  Avidespread  and  the  most  accurate  Avork  on  the  sys- 
tem by  any  member  of  Lesley’s  staff.  The  steady  improvement  notice- 
able in  White’s  reports  is  noteAA’orthy.  Credit  is  also  due  J.  J. 
Stevenson  and  E.  W.  Claypole,  both  of  whom  did  above  aA^erage  Avork 
on  our  DeAmnian.  The  rest  of  the  staff  uoav  and  then  left  an  excellent 
bit  of  observation  or  clever  deduction,  but  their  reports  on  the  Devon- 
ian are  throughout  quite  mediocre.  Perhaps  Lesley  appreciated  these 


Figure  t.  E.  W.  Clapole,  inter- 
preter of  the  Devonian  of  the 
lower  Juniata  Valley. 

J‘hot(i{/rnph  furnished  Ihrough,  the  cour- 
lesp  of  Antioch  CoUcge,  YeUow  Springs, 
Ohio 
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deficiencies  or  regretted  his  own  interferences,  for  he  apparently 
tried  to  patch  up  and  gloss  over  these  faults  in  his  Summary  Final 
Report  (137),  but  in  most  instances  his  attempts  resulted  rather 
pathetically  in  merely  emphasizing  the  inaccuracies  already  extant. 

Third  Pennsylvania  Survey 

The  expiration  of  the  Second  Survey  just  before  the  turn  of  the 
century  was  followed  by  a period  when  studies  of  Pennsylvania’s 
geology  languished,  and  contributions  to  its  Devonian  stratigraphy 
and  paleontology  were  almost  nil.  For  over  thirty  years  only  a few 
sparks  shining  in  this  Stygian  environment  prevented  complete  extinc- 
tion of  the  light.  Such  were  struck  by  Henry  S.  Williams  (265),  E. 
M.  Kindle  (126,  127),  Charles  S.  Prosser  (161),  Joseph  Barrel!  (12), 
J.  B.  Reeside  (167)  and  Charles  Butts  (19,  20,  21,  22),  who  added 
valuable  data  during  this  time,  and  may  be  looked  upon  as  among 
the  first  modernists  in  the  application  of  stratigraphy  and  paleon- 
tology to  our  Devonian.  Except  for  Kindle ’s  work  on  the  Onondaga 
(127),  their  observations  were  chiefly  confined  to  small  areas.  The 
Third  Survey’s  ofiScial  work  was  almost  valueless  stratigraphically, 
Fettke’s  work  excepted  (88),  but  contemporaneous  contributions 
through  cooperative  publication  with  the  United  States  Geological 
Survey  are  not  devoid  of  value.  Folios  of  that  time  contain  facts  of 
use  today  in  our  Devonian  studies,  but,  like  all  folios,  these  have  the 
disadvantage  of  publishing  good  maps  supported  by  too  brief  descrip- 
tions of  highly  restricted  areas.  It  is  interesting  to  note  here  how 
much  of  the  data  on  our  Devonian  has  been  accumulated  through 
official.  State  and  Federal,  sources  and  how  little  has  been  added  by 
independent  workers,  and  this  in  a region  of  untold  potential  interest. 

Fourth  Pennsylvania  Survey 

The  Fourth  Sui-vey,  the  present  Topographic  and  Geologic  Bureau, 
is  the  first  officially  to  sponsor  detailed  stratigraphic  and  paleonto- 
logic  studies  unhindered  by  the  incubus  of  “the  economic  aspect.’’ 
Thus  far  its  work  has  been  concentrated  mostly  upon  the  Silurian  and 
Devonian  systems.  The  studies  by  Dr.  Frank  M.  Swartz  upon  the 
former  show  new  details  of  that  system  and  a wealth  of  stratigraphic 
and  paleontologic  problems  that  are  fully  as  interesting  and  significant 
as  are  those  of  the  Devonian  of  the  present  report.  It  has  been  my 
privilege  to  be  assigned  the  study  of  the  Devonian  system  in  Penn- 
sylvania. This  investigation  was  prefaced  by  self-supported  work  in 
Pennsylvania  and  New  Jersey  pursued  at  odd  times  for  a dozen  or 
more  years  prior  to  assuming  official  connections  at  Harrisburg.  Dur- 
ing the  summer  of  1929,  under  temporary  appointment  with  the  Sur- 
vey, I worked  on  the  Silurian  of  the  State.  Commencing  the  following 
year  under  full-time  appointment,  and  continuing,  save  for  devoting 
part  of  the  1936  and  1938  field  season  to  Ordovician  problems,  I have 
given  practically  all  my  time  in  the  field  to  studies  of  Devonian  and, 
to  a less  degree,  the  closely  allied  Mississippian  systems. 

This  work  has  been  supplemented  by  out-of-State  trips  during 
which  exposures  of  the  Devonian  system  in  Maine,  New  Hampshire, 
Massachusetts,  New  York,  New  Jersey,  Maryland,  Virginia,  West 
Virginia  and  the  southern  Appalachians  as  far  as  Alabama  have  been 
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observed.  Often  these  excursions  were  conducted  in  the  company  of 
specialists  in  those  several  regions.  Because  Dr.  Swartz  in  his  Silurian 
studies  in  Bennsylvania  has  included  the  lov/est  Devonian  group, 
the  Helderberg,  in  his  work,  I have  given  only  casual  attention  to 
that  very  interesting  succession,  and  am  indebted  to  Dr.  Swartz  for 
preparing  Chapter  II  on  the  Helderberg  group.  It  appears  in  this 
report  under  his  name.  Our  respective  assignments  being  somewhat 
unrestricted  as  to  their  mutual  boundaries,  neither  of  us  has  given  the 
Oriskany  tliorough  attention.  Both  collected  data  on  it  and  each 
mentioned  it  casually,  but  it  remained  incompletely  worked  i.ntil 
1936.  At  the  beginning  of  that  season,  the  Survey  granted  Dr.  Arthur 
B.  Cleaves  a temporary  appointment  to  study  the  Oriskany  group 
of  Pennsylvania.  In  1937  he  continued  this  work  under  full-time 
appointment.  Chapter  III  on  the  Oriskany  group  by  Dr.  Cleaves  is 
essentially  the  report  of  his  Survey  ivork.  It  should  be  added  that 
Dr.  Cleaves  had  previously  spent  two  field  seasons  in  private  study 
of  the  New  Bloomfield  quadrangle,  an  area  einbracing  some  of  the 
most  interesting  Oriskany  of  the  State.  I myself  have  spent  consid- 
erable time  in  the  field  with  him.  Up  to  the  time  of  Dr.  Cleaves ’s 
studies,  the  only  things  surely  known  about  the  Oriskany  in  Pennsyl- 
vania seem  to  have  been  its  geographic  distribution  and  its  value  as 
a source  of  glass  sand  and  natural  gas.  "We  are  now  able  to  publish 
a discussion  of  its  lithology,  fossil  contents,  and  allied  data. 

During  the  last  five  or  six  years  a few  geologists  have  become  inter- 
ested in  our  Devonian  sequence,  chiefly  in  northwestern  Pennsylvania. 
Notable  among  them  are  Dr.  K.  E.  Caster  and  Mr.  G.  H.  Chadwick, 
whose  controversial  papers  on  the  surface  correlations  imply  that 
much  is  yet  to  be  learned  about  that  interesting  part  of  the  State. 
The  development  of  the  northern  gas  fields  has  added  subsurface 
facts.  While  this  independent  investigation  has  been  going  on, 
the  State  has  financed  work  in  this  region,  a notable  result  being 
Dr.  Charles  E.  Pettke’s  report  on  the  Bradford  Oil  Field  (94).  Here 
subsurface  geology  is  applied  at  its  best.  The  partially  unpublished 
Survey  Avork  of  Mr.  S.  II.  Cathcart  should  prove  a masterly  contri- 
bution to  a final  understanding  of  this  district.  Because  the  several 
workers  in  this  field,  many  of  whom  have  had  long  experience  in  the 
area,  have  not  completed  their  studies,  I myself  have  not  made  ex- 
haustive studies  of  the  Devonian  of  northwestern  Pennsylvania.  I 
have,  hoAvever,  gone  over  the  region  Avith  those  already  familiar  Avith 
it  and  liaA^e  supplemented  such  tours  by  obserA^ations  of  my  oavu.  In 
constrast,  I have  concentrated  my  studies  elseAA'here  on  the  Middle 
and  Upper  Devonian,  to  Avhieh  has  necessarily  been  added  much  study 
of  the  LoAver  Mississippian  or  Pocono  over  the  rest  of  the  State.  These 
studies  liaA^e  largely  omitted  the  Lower  Devonian  for  reasons  cited. 
My  observations  have  been  focused  on  the  great  expanses  of  Devonian 
strata  that  traA^erse  the  State  from  the  south-central  bord'er  to  the 
northeastern  quarter,  spread  over  many  square  miles  in  the  central 
regions,  crop  out  beloAV  the  scarp  of  the  Allegheny  Front,  form  the 
Pocono  Plateau,  and  are  exposed  continually  across  the  northern  tier 
of  counties.  It  is  to  the  Middle  and  Upper  Devonian  stratigraphy  of 
these  areas,  then,  that  most  of  my  studies  have  been  dedicated,  and 
it  is  a discussion  of  these  that  makes  up  the  body  of  this  report. 


CHAPTER  I 


THE  DEVONIAN  SYSTEM  IN  PENNSYLVANIA 

AREAL  DISTRIBUTION 

Devonian  rocks  in  Pennsylvania  occupy  a greater  part  of  the  sur- 
face of  the  State  than  those  of  any  other  system  except  the  Pennsyl- 
vanian (99,  8,  244).  Their  greatest  expanse  is  in  the  northeastern 
corner  of  the'  State  where  they  are  exposed  over  practically  all  Sus- 
quehanna, 'Wyoming,  'Wayne,  Pike  and  Monroe  comities.  Extending 
westward  along  the  northern  border,  Devonian  rocks  occupy  large 
parts  of  Bradford,  Tioga,  Potter,  McKean,  Warren  and  Erie  counties 
with  lesser  areas  south  into  Crawford,  Cameron,  Lycoming,  Sullivan 


Figure  5.  Sketch  map  showing  distribution  of  Devonian  system  in 

Pennsylvania. 

and  Luzerne.  Throughout  much  of  this  northern  and  northeastern 
area,  the  Devonian  is  composed  of  continental  rocks,  but  the  change  to 
marine  sediments  begins  northwestward  from  the  Anthracite  Fields 
aiad  becomes  progressively  more  complete  westward  to  the  nearly  total 
exclusion  of  freshwater  beds  in  the  nortliAvestern  corner  of  Penn- 
syh'ania.  The  DeAmnian  marine  strata  Avith  a A'arying  proportion  of 
non-marine  also  extend  in  a soutliAvesterly  direction  from  Luzerne 
and  Monroe  counties,  circumscribe  the  Anthracite  Fields  and  occupy 
much  of  the  Susquehanna  and  Juniata  A-allej's  betAveen  Harrisburg 
and  Williamsport  and  AvestAvard.  Throughout  this  mountainous 
region,  the  DeAmnian  formations  Aveave  back  and  forth  as  a series  of 
great  zigzag  traces  across  Dauphin,  Perry,  Northumberland,  Juniata, 
Snyder,  Union,  Columbia,  Montour  and  Lycoming  counties.  A band 
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of  Devonian  follows  the  Allegheny  Front  escarpment  from  Lycoming 
County  west  and  south  into  Maryland.  In  the  region  between  the 
Allegheny  F'ront  and  the  middle  Susquehanna  Valley,  Devonian  rocks 
constitute  a large  part  of  the  terrane.  They  surround  the  Broad  Top 
coal  basin  and  extend  south,  through  Bedford  and  Fulton  counties, 
and  north  into  Huntingdon  and  Mifflin,  there  to  tie  in  with  the  areas 
along  the  Juniata  and  Susquehanna  valleys  in  middle  Pennsylvania. 
Finally,  the  great,  obliquely  north-northeast  trending  anticlines  cross- 
ing southwestern  Pennsylvania  bring  the  top  of  the  Devonian  to  the 
surface  in  a few  scattered  spots,  chiefly  in  Fayette,  Westmoreland, 
Cambria  and  Indiana  counties. 

SUBDIVISIONS  OF  THE  DEVONIAN 

The  Devonian  in  Pennsylvania  is  abundantly  subdivided.  To 
give  all  the  recognized  units  in  a single  table  would  be  compre- 
hensive but  too  complicated.  The  sections  which  should  be  cited  to 
obtain  a clear  and  fairly  complete  picture  of  the  whole  are  so  many 
that  they  must  be  presented  in  groups.  It  is  not  intended  to  show 
precise  correlations  among  these  tables ; they  must  be  postponed  for  a 
later  chapter.  Thicknesses  are  omitted  in  this  tabulation,  nor  are  other 
than  general  references  to  fauna  included.  Mention  of  minor  varia- 
tions has  been  deleted  in  most  cases,  since  they  are  usually  quite  local 
and  may  be  better  handled  as  each  unit  is  fully  described  in  its  appro- 
priate place.  The  intent  is  here  to  set  down  characteristic  Devonian 
sequences  for  particular  parts  of  the  State. 


TABLE  1.  GENERALIZE!:)  DEVONIAN  SEQUENCE  IN  PENNSYLVANIA 


Upper  Devonian 

Conewang'o  groujj 
Conneaut  group 
Canadaway  group 
Chemung  group 

Wellsburg  formation 
Cayuta  formation 
Portage  group 

Fort  Littleton  formation 
Trimmers  Rock  sandstone 
Brallier  shale 
Losh  Run  shale 
Harrell  shale 
Rush  formation 
Burket  shale 
Tully  limestone 

.Middle 

(Central  Pennsylvania) 
Hamilton  group 

Mahantango  formation 

With  or  without  the  Monte 
bello  sandstone.  Moscow,  Lud 
lowville  and  Skaneateles  fau 
nal  facies  recognized. 
Marcellus  formation 
Onondaga  group 

Selinsgrove  limestone 
Needmore  shale 


Catskill  continental 
facies  equivalent 
in  northeastern 
counties. 


Devonian 

(Eastern  Pennsylvania) 
Hamilton  group 

Mahantango  formation 

Moscow,  Ludlowville  and  Ska- 
neateles faunal  facies  and  cor- 
responding lithologic  varia- 
tions recognized. 

Marcellus  formation 
Onondaga  group 

Buttermilk  Falls  limestone 
Esopus  shale 


SL  KUi\  ISIU.NS 


I.! 


Lower  Devonian 
Oriskany  group 
Ridgeley  sandstone 
Shriver  chert 
Helderberg  group 
Mandata  shale 
New  Scotland  formation 
Coeymans  formation 


TAKLE  II.  NORTHEASTERN  PENNSYLVANIA 


Mississippian  System  (lower  part) 


Susquehanna  County 
Pocono  formation 
Griswolds  Gap  con- 
glomerate 


Wayne  and  Pike  Counties 

Poeono  formation 
Griswolds  Gap  con- 
glomerate 


Devoniax  SYSTEst  (upper  part) 

Catbkill  facies  group  Catskill  facies  group 

Mt.  Pleasant  red  shale  Mt.  Pleasant  red  shale 

Elk  Mountain  sandstone  Elk  Mountain  sandstone 

1 Cherry  Ridge  red  beds 
’ Dyberry  glomerate 
j Pimple  Hill 
( conglomerate 

Honesdale  sandstone  Honesdale  sandstone 

Damascus  red  shale  Damascus  red  shale 


Cherry  Ridge  red  beds  ( 
Dyberry  glomerate  ^ 


Chemung  group  (in  jiaiT  ) 
New  Milford  formation* 
Luthers  Mills  co- 1 
quinite* 

Lanesboro  member* 
Kingsley  red  shale* 
Cayuta  formation*  j 

I’OBTAGE  GROUP*  ( 

(Concealed)  ( 


Western  Bradford  County 
Mississippian  System  (lower  part) 
Pocono  formation  (and  Knapj}?) 


. Shohola  formation 
' Paupack  sandstone 
I Barryville  member 

r Delaware  River  flags 
Analomlnk  red  shale 
; Portage  Group  (marine  ) 
Trimmers  Rock  sand- 
I stone* 


Devonian  System  (upper  part) 

Catskill  facies  group 

Elk  Mountain  or  Oswayo  sandstone 

Cherry  Ridge  red  beds  (Cattaraugus,  “Blossburg”) 

Honesdale  sandstone* 

Damascus  red  shale* 

Luthers  Mills  coquinite* 

Chemung  group 

New  Milford  in  part* 

• Units  marked  with  asterisk  are  partly  or  wholly  marine.  Uppermost  New  Milford 
beds  are  post-Chemung ; in  the  east  they  are  continental  and  assigned  to  the  Catskill 
facies  group ; In  the  west,  they  carry  the  Luthers  Mills  coquinite.  Remainder  of  New 
Milford  Is  probably  Wellsburg  In  age  and  partly  continental,  partly  marine.  Barryville 
member  Is  Chemung  age,  but  Paupack  sandstone  is  wholly  or  partly  post-Chemung  and 
equal  to  part  of  or  all  of  the  New  Milford.  Delaware  River  flags  and  Analomlnk  red 
shale  are  of  Portage  age,  but  belong  with  the  Catskill  facies,  being  non-marine  as 
contrasted  with  the  Trimmers  Bock  sandstone  which  is  marine  Portage. 
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TABLE  III.  GENEKALTZED  iSEQUENCE  FOR  NORTHWESTERN 

RENNSYLVANIA 


McKean  and  western  Potter  counties 

Mibsissippian  System  (lowest  x>art) 

Knapp  conglomerate* 

Kushequa  shale* 

Devonian  System  (upper  part) 

Conewango  gToup 
Oswayo  shale* 

Roystone  coquinite*t 
Cattaraugus  red  shale 
Panama  conglomerate* 

Conneaut  group 

Chadakoin  shale*  (“stage”  of  Caster) 

Cuba  sandstone* 

Canadaway  group* 

Chemung  group* 

TABLE  IV.  COMPOSITE  MARINE  SEQUENCE  FOR  NORTHWESTERN 

PENNSYLVANIAt 

Mibsissippian  Sy’stem  (lowest  part) 

Knapp  conglomerate 
Kushequa  shale 

Devonian  Sy’stem  (upper  part) 

Conewango  group 
Riceville  formation 
Oswayo  shale 
Roystone  coquinite 
Venango  formation 
Woodcock  sandstone 
Tuna-Kilbuck  conglomerate  lens 
Saegerstowm  shale 

Pope  Hollow  conglomerate  1 Salamanca 
North  Warren  shale  formational 

Bimher  Run  conglomerate  j suite  of  Caster. 

Amity  shale 
Panama  conglomerate 

Conneaut  group 

Chadakoin  formation 
Tanners  Hill  red  zone 
Ellicott  shale 
Dexterville  shale 
Lillibridge  sandstone 
Girard  formation 
Girard  shale 
Cuba  conglomerate 
Canadaway  group 
Northeast  shale 
Shumla  sandstone 
IVestfield  shale 
Laona  sandstone 
Gowanda  beds 
Dunkirk  black  shale 

• Units  marked  with  asterisk  are  partly  or  wholly  marine. 

t This  coquinite  Caster  (33)  renamed  Flatiron,  but  Roystone  is  in  good  standing. 

t Partly  after  Caster  (33),  and  Chadwick  (47,  51),  including  units  shown  In  south- 
western New  York,  but  not  exposed  in  Pennsylvania.  Westfield  is  preoccupied,  but  as 
It  Is  applied  to  beds  not  exposed  in  Pennsylvania,  a substitute  is  not  now  proposed.  Cf. 
U.  S.  Qeol.  Survey  Bull.  896,  1938,  pp.  2306-7. 


Not  all  of  these  are  nec- 
essarily distinguished  in 
Pennsylvania.  They  are  I. 
C.  White’s  “Portage.” 


SUBMVISIONS 
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Chemung  groupf 

Wellsburg  formation  with  “Fall  Creek”  conglomerate  at  top 
Cayuta  formation 
Portage  group 
(Not  exposed) 


TABLE  V.  APPALACHIAN  RIDGE  AND  VALLEY  REGION 

Monroe  County 

Mississippian  System  (absent) 

Devonian  Sy'stem 
Upper  Devonian 

Catskill  facies  group 

Mount  Pleasant  red  beds 
Elk  Mountain  sandstone 
Cherry  Ridge  red  beds 

Pimple  Hill  conglomerate 
Honesdale  sandstone 
Damascus  red  shale  (and  Shohola?) 

Delaware  River  flags* * 

Analomink  red  shale* 

Portage  group  (highest  marine) 

Fort  Littleton  formation 
Trimmers  Rock  sandstone 

Laurens  beds  with  Tully  elements  at  base 

Middle  Devonian 
Hamilton  group 

Mahantango  formation 

Moscow  faunal  facies  in  upper  part 
Ludlowville  faunal  facies  in  middle  with  a 
storm  roller  zone  in  lower  part  and 
Centerfield  coral  reef  near  base 
Skaneateles  faunal  facies  in  lower  part 
Marcellus  formation 
Brodhead  shale 
Shamokin  (?)  shale 
Onondaga  group 

Buttermilk  Falls  limestone 
Esopus  shale 
Lower  Devonian 
Oi-iskany  group 
Helderberg  group 
Port  Ewen  shale 
Becraft  limestone  (localli') 

New  Scotland  shale 
Coeymans  limestone  including 
“Stormville”  sandstone 


Lehigh  River 

(below  Mauch  Chunk) 

Mississippian  Sy'stem  (lower  part) 
Pocono  formation 


Devonian  Sy'stem 
Upper  Devonian 

Catskill  facies  group 

Cherry  Ridge  red  beds  (Mount  Pleasant  (?)  included) 
Pimple  Hill  conglomerate w 
Honesdale  sandstone  JoO 

Damascus  red  beds 


t Several  divisions  of  the  Chemung  are  recognized  in  southwestern  New  York. 

• The  starred  units  of  the  Catskill  are  of  Portage  age. 
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Portage  group 

Fort  Littleton  formation 
Trimmers  Rock  sandstone 
Rush  formation 
Burket  shale 
Tully  limestone 
Middle  Devonian 
Hamilton  group 

Mahantango  formation 

Moscow  faunal  facies  in  upper  pa7-t  wiili 
Vitulina  zone  at  top 

Ludlo^vville  faunal  facies  in  middle  ))art  ^vitll  a 
storm  roller  zone  in  lower  portion  ami 
Centertield  coral  reef  near  base 
Skaneateles  faunal  facies  in  lower  ])art 
Probable  equivalents  of  the  Berwyn  and 
Delphi  of  New  York  ]7resent 
Marcellus  formation 
Brodhead  shale 
Onondaga  grouj) 

Buttermilk  PMlls  limesloiie 
Selinsgrove  limestone 
Hazard  jiaint  ore 
Esopus  shale 
Palmerton  sandstone 
Bowmanstown  chert 
Ijower  Devonian 
Oriskany  grou]> 

Ridgeley  sandstone 
llelderberg  group 

New  Scotland  chert  and  Coeymans  (?)  samistone 
Schuylkill  Valley  (generalized  section) 

Mississippian  System  (lower  part) 

Pocono  formation 
Devonian  System 
Upper  Devonian 

Catskill  facies  grouji 
Cherry  Ridge  I'ed  beds 
Pimple  Hill  conglomei  ate 
Honesdale  sandstone 
Damascus  red  beds 
Portage  group 

Fort  Littleton  formation 
Trimmers  Rock  sandstone 
Rush  formation 
Burket  shale 
d'ully  (?)  shale'®^ 

Middle  Devonian 
Hamilton  gi-oup 

Mahantango  formation 

Moscow  faunal  facies  in  upper  part 
Vitulina  zone  near  top 

Ludlowville  faunal  facies  in  middle  part  with  a 
storm  roller  zone  in  lower  portion  and 
Centertield  coral  reef  near  base 
Skaneateles  faunal  facies  in  lower  ])art, 

Berwyn  and  Delphi  of  New  York 
doubtfully  represented 
Fort  Hunterf  sandstone  near  base 

* Traces  of  Tully  have  been  found  In  the  Schuylkill  Valley  region, 
t Called  Rockville  by  AVIllard  and  Cleaves;  name  pre-occ7U'ie<b 
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Marcellus  formation 
Brodhead  shale 

“Cliittenano-o”  (iSliainokin?)  shal<^ 

Onondaga  group 

Selinsgrove  limestone 
Esopus  (?)  shale 
Lower  Devonian 
Oriskany  group 

Ridgeley  sandstone 
Shrivel’  (?)  chert 
Helderberg  group 

Susquehanna-Juniata  Valleys  Region  (chiedy  Perry  and  west-central 
Dauphin  counties). 

Mississippian  System  (lower  part) 

Pocono  formation 
Devonian  System 
Upper  Devonian 

Catskill  facies  group 
Cherry  Ridge  red  beds 

Pimple  Hill  conglomerate  (or  sandstone) 

Honesdale  sandstone 

“Damascus”  red  beds  with  which  are  included  Kings  Mill 
sandstone  and  Dellville  shale,  both  non-red  units  with 
Chemung  fossils. 

Chemung  group  (see  also  “Damascus”  red  beds) 

Portage  group 

Fort  Littleton  formation 
Parkhead  sandstone  (?) 

Trimmers  Rock  sandstone 
Losh  Run  shale 

Brallier  and  Harrell  shales,  inseparable  here 
Rush  formation 
Burket  shale 

Tully  limestone  and  shale 
Middle  Devonian 
Hamilton  group 
Mahantango  formation 

Vitulina  zone  at  top  in  shale  with  Moscow  faunal  facies 
Deep  Run  shale  probably  present 

Montebello  sandstone  dominant  element.  Includes  faunas 
assignable  to  the  Ludlowville,  Skaneateles  and  prob- 
ably Centerfield  and  perhaps  “Colgate”.* 

Marcellus  formation 
Mahanoy  black  shale 
Mexico  sandstone 
Turkey  Ridge  sandstone 
Shamokin  shale 
Onondaga  group 

Selinsgrove  limestone 
Needmore  shale 

Lower  Devonian 
Oriskany  group 
Ridgeley  sandstone 
Shriver  chert 


* The  name  Colgate  as  used  In  New  York  is  preoccupied. 
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Helderberg  group 

^Mandata  shale  and  chert 
New  Scotland  formation 
Coeymans  limestone 

Forks  of  the  Susquehanna  (Sunburj',  Selinsgrove  Junction,  etc.) 
MISSISSIPPIA^^  System  (lower  part) 

Pocono  formation 
Uevoxi,\n  System 
Pipper  Devonian 

Catskill  facies  group,  undifferentiated 

Portage  grouxj 

Fort  Littleton  formation 
Parkhead  sandstone  (?) 

Trimmers  Kock  sandstone 
Losh  Pun  shale 
Brallier  shale 
Harrell  shale 
Push  formation 
Burket  shale 

Tully  limestone  and  limy  shale 
(Middle  Devonian 
Hamilton  grou^) 

Mahantango  formation 

Includes  faunal  elements  assignable  to  the 
^Moscow,  Ludlowville  and  Skaneateles 
lilarcellus  formation 
Brodhead  shale 
pinion  Springs  shale 
Onondaga  group 

Selinsgrove  limestone 
Needmore  shale 
Lower  Devonian 
Oriskany  groux> 

Pidgeley  sandstone 
Shriver  chert 
Helderberg  group 
(Mandata  shale 
New  Scotland  limestone 
Coeymans  limestone  (?) 

TABLE  P/.  ALLEGHENY  FPONT 

Lock  Haven  Region 

(Mississippian  System  (lower  xjart) 

Pocono  formation 
Devonian  System 
Ujiper  Devonian 

Catskill  facies  grouj) 

Oswayo  sandstone  (?)  in  u]3iier  jiart 
Cattaraugus  and  older  red  beds 
Chemung  groux>,  undifferentiated 
Portage  groux> 

Fort  Littleton  formation 
Brallier  shale 
Harrell  shale 
Push  formation 
Burket  shale 
Tully  limestone 
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Middle  Devonian 
Hamilton  group 

Mahantango  formation 
Marcellus  formation 
Onondaga  group 
Needmore  shale 
Lower  Devonian 
Oriskany  group 

Eidgeley  sandstone 
Shriver  chert 
Helderberg  group 

Bedford  County,  generalized 
Mississippian  System  (lower  part) 

Pocono  formation 
Devonian  System 
Upper  Devonian 

Catskill  facies  grouj),  undifferentiated,  hut  containing 
local  conglomerates  and  at  toj)  Oswayo  (?)  sandstone 
Chemung  group,  doubtfully  divisible  on  lithology 
Portage  group 

Fort  Littleton  formation 
Parkhead  sandstone 
Brallier  shale 
Harrell  shale 
Eush  formation 
Burket  shale 
Tully  limestone 
Middle  Devonian 
Hamilton  group 

Mahantango  formation 

Locally  differentiated  into  various 
sandstones  and  shales 
Marcellus  formation 
Onondaga  group 
Needmore  shale 
Lower  Devonian 
Oriskany  group 

Eidgeley  sandstone 
Shriver  chert 

Helderberg  group  (at  Cumberland,  !Md.) 
klandata  shale 
New  Scotland  limestone 
Coeymans  limestone 


LIMITS  OF  THE  DEVONIAN 

Upper  limit.  The  definitions  of  the  upper  and  lower  limits  of  the 
Devonian  system  in  Pennsylvania  have  long  furnished  fuel  to  the 
fires  of  disagreement.  Because,  in  by  far  the  greater  part  of  the  State, 
the  closing  events  of  the  Devonian  period  and  the  opening  activities 
of  the  Mississippian  are  recorded  in  nearly  barren,  continental  de- 
posits punctuated  here  by  no  recognized  orogeny,  a sharp  separation 
between  these  systems  was  long  unknown  or  unrecognized  generally. 
The  literature  choruses  “Transitional  Beds”  or  “Passage  Beds”.  In 
some  sections  there  certainly  is  reason  for  thinking  that  the  red  Cats- 
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kill  continental  facies  which  closed  the  Devonian  g'rades  over  into 
the  succeeding  non-red  Poeono  sandstones  and  conglomerates  which 
mark  the  beginning  of  Mississippian  sedimentation.  However,  if  the 
recent  conclusions  drawn  from  my  studies  in  northeastern  Pennsyl- 
vania be  correct,  there  is,  in  that  region  at  least,  a reason  for  accept- 
ing the  belief  in  a disconformable  contact.  In  central  Pennsylvania 
this  relation  is  less  easily  demonstrated,  largely  because  of  the  absence 
of  distinguishing  marks  of  the  several  subdivisions  of  the  Catskill 
facies  group.  It  is  difficult  to  prove  the  )ion-existenee  of  transitional 
strata,  though  the  thickness  of  such  “passage”  beds  be  but  small,  not 
the  hundreds  of  feet  Avhicli  some  have  consigned  to  this  interregnum. 
In  general,  through  south-central,  central,  northeastern  and  north- 
central  Pennsylvania,  it  is  possible  to  draw  a fairly  sharp  line  between 
the  base  of  the  Poeono  gray  and  the  top  of  the  Catskill  red  sediments. 
Thus  did  Henry  U.  Rogers  early  ,se]mrate  his  Vespertine  (Poeono) 
From  his  Ponent  (Catskill)  series  (177).  But  for  subsequent  doubt- 
ing Thomases,  his  distinction,  drawn  from  some  of  the  keenest  observa- 
tions ever  made  in  Pe)insylvania  geology,  Avould  be  unquestioned 
today.  However,  let  us  leave  the  continental  facies  pro  tern,  and 
observe  the  marine  sediments. 

When  we  consider  the  Devonian-Mississippian  contact  among  marine 
strata,  we  eneoixnter  a Avholly  different  problem.  Where,  Avith  the 
continental  facies,  our  deductions  are  based  almost  AAdiolly  upon 
lithology  and  stratigraphic  sequences,  Ave  have  uoav  the  added  help 
( or  hindrance  !)  of  paleontologic  data.  We  are  forced  to  choose  betAveen 
conflicting  possibilities.  lu  the  uortliAvestern  counties  marine  Devonian 
and  Mississippian  rocks  are  in  contact.  The  nature  of  that  contact 
has  long  been  an  enigma.  Caster  (33,  31,  35)  has  done  extensive 
paleontologic  research  here  for  some  years.  His  .studies  of  old  collec- 
tions and  interpretation  of  those  he  himself  amassed  have  supplied 
data  hitherto  lacking  or  unappreciated  foi-  sohhng  this  problem.  I'pon 
the  evidence  of  the  organic  remains  and  the  ])hysical  data  of  the  strati- 
graphic sequence.  Caster  AAU’ites  (35)  : 

A minor  disconformity  separates  the  Knajjp  beds  ot  the  “Hradfordian,” 
which  are  of  Mississippian  age,  from  the  antecedent  Conewango  beds  of 
Devonian  age  [see  Table  TA'|.  The  f annas  of  tlie  two  divisions  of  the 
“Bradfordian  series”  offer  very  cogent  arguments  for  such  determinations 
of  age  ...  A study  of  tlie  fossil  faunas  of  the  Knapp  sequence  clearly 
substantiates  this  age  determination  to  the  writer’s  mind.  Einiictria  scansa, 
three  species  of  Syrincimthyri^  (in  the  strict  sense),  several  species  of  the 
highly  typical  Lower  Carboniferous  gastropod  lyoceras,  as  well  as  the 
interesting  echinoid  genera  Leyklesthcs,  and  If yatt echinus,  and  also  several 
interesting  crinoids  would  seem  clearly  to  bespeak  the  Mississi])piau  age  of 
the  Cussewago  lower  Mississippian  monothem.  None  of  these  fossils  is 
known  from  the  underlying  Conewango  series,  or,  to  tlie  writer’s  knowl- 
edge, from  the  Devonian  elsewhere. 

I agree  Avith  this  vieAv  in  that  I have  recognized  the  Devoniaii- 
Mississippian  disconformity  among  the  continental  formations  in 
northeastern  Pennsylvania.  Traced  AvestAvard,  this  appears  to  hold  the 
identical  stratigraphic  position  with  that  mentioned  by  Caster  for  the 
salt-water  sequence.  Comparison  of  Tables  II  and  IV  shoAvs  this,  the 
Mount  Pleasant  red  shale  pinching  out  between  the  Poeono  (Missis- 
sjppiau)  and  Elk  Mountain  (Devonian)  sandstones.  Since  the  Elk 
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Mountain  is  correlated  with  Oswayo,  and  tlie  basal  part  of  the 
Pocono  probably  ties  in  Avith  the  Knapp,  the  uneonformities  reco«i- 
nized  by  Caster  and  me  (248)  in  the  marine  and  continental  facies 
respectively  are  essentially  contemporaneous.  There  is,  nevertheless, 
some  ground  for  considering  certain  of  the  shaly  beds  in  some  of  the 
marine  sections  to  be  transitional,  and  the  final  Avord  is  yet  to  be 
giA'en  on  all  the  continental  sequences. 

Lower  limit.  The  base  of  the  Devonian  in  Pennsylvania  has  been 
variously  defined  and  has  received  sundi-y  usages  since  the  appearance 
of  Rogers’s  immortal  “Geology  of  PcnnsylAmiiia ’’  in  1858.  In  Vol. 
II,  page  750,  he  Avrote: 

Between  the  Silurian  and  the  Devonian  equivalents  tliere  is  a nmc-h  less 
abrupt  plane  of  separation  than  the  one  which  divides  tlie  Silurian  from 
the  Cambrian  [the  term  Ordovician  was  of  coui-se  not  i?a  Aise  at  tliat  lime]  ; 
that  is  to  say,  there  exists  a greater  relative  interchange  of  fossils,  and 
with  it,  in  many  districts,  a closer  blending-  of  tlie  sedimentary  deposits 
than  we  discern  crossing-  the  other  platform  below.  This  causes,  indeed, 
some  ambiguity  in  the  determination  of  a proper  horizon  for  provisionally 
separating  the  Devonian  from  the  Silurian.  Guided  by  the  general  facies 
of  the  fossils — the  Mollusca  especially — the  Meridian  of  the  Oriskanj-  sand- 
stone is  regarded  by  some  palaeontologists,  on  the  original  suggestion  of 
M.  de  Verneuil,  as  the  base  of  the  Appalachian-Devonian  deposits ; while 
other  naturalists  incline  to  begin  the  Devonian  period  at  the  commence- 
ment of  -the  Post-Meridian  shales  and  limestones  which  overlie  or  succeed 
that  rock. 

Lesley,  1892,  in  summing  up  the  AA'ork  of  the  Second  Sui-vey  (1-17  ), 
amplified  Rogers ’s  remarks  : 

The  hard  and  fast  line  which  has  been  drawn  between  Silurian  and  Devo- 
nian on  the  other  side  of  the  Atlantic  where  disturbances  (elevation  and 
erosion)  had  occurred  was  looked  for  on  this  side  of  the  Atlantic  and 
thought  to  be  found  at  Formation  No.  VII  [Oriskany].  Some,  bowever, 
drew  the  line  at  the  top  of  No.  VII,  and  the  others  at  the  bottom;  so  that 
there  has  continued  to  be  to  the  present  time  a difference  of  opinion 
between  those  who  assign  the  limestone  formation  No.  VI  | llelderbergl  to 
the  last  hour  of  the  Silurian  day,  and  those  who  f>refer  to  make  the  I)evf>- 
nian  age  begin  Avith  the  limestone  deposits  at  the  bottom  of  No.  A'lll 
[Middle  and  Upper  Devonian].  The  disciission  is  a futile  one.  AVere  it 
possible  to  answer  the  question  w-hen  did  the  Silurian  age  end,  the  answer 
would  be  barren  of  all  utility^  Such  questions  are  of  no  im])ortance  what- 
ever; and  in  fact,  like  many  discussions  in  other  branches  of  human 
knowledge,  they  originate  not  in  facts  but  in  prejudices  and  confuse  instead 
of  enlighten  the  mind.  It  would  be  a haxjpiness  lor  all  conscientious  held 
workers  in  geology  if  these  names  Devonian  and  Silurian  could  be  remitted 
to  oblivion.  Time  and  thought  have  been  wasted  in  drawing  across  the 
great  column  of  the  rocks  lines  which  nature  ignores  and  the  science  of 
geology  should  repudiate. 

In  Pennsylvania  it  [the  Oriskany]  is  an  important  formation,  as  will  be 
seen  in  the  chapter  devoted  to  it;  but  it  is  so  varied  in  its  composition, 
and  absent  in  so  many  places,  that  nothing  but  a slavish  subserviency  to 
the  English  nomenclature  can  explain  the  importance  assigned  to  it  as  a 
division  mark  between  two  ages  of  geological  time.  Paleontologists  once 
thought  and  had  no  hesitation  in  saying  that  the  whole  world  of  created 
life  came  to  an  end  at  Formation  VII,  and  that  a new  world  was  created 
entirely  different  from  the  j)receding  world.  But  the  progress  of  that 
branch  of  geology  has  modified  the  sentiment;  and  it  is  doubtful  now 
whether  a greater  fossil  break  occurs  between  Upper  Silurian  and  Devonian 
than  at  any  other  stage  in  the  development  of  animal  forms.  At  all  events 
we  cannot  submit  our  classification  of  the  mechanical  deposits  wdiich  pro- 
ceeded w'ithoAit  interruption  in  a water  basin  as  vastly  e.xtended  as  the 
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Appalachian  ocean  to  the  dictum  of  observers  who  busy  themselves  exclu- 
sively with  nice  distinctions  of  species  and  genera  in  animal  forms ; forms 
which  in  spite  of  these  distinctions  are  essentially  the  same.  We  may 
therefore  dismiss  with  these  remarks  the  whole  question  of  Silurian  and 
Devonian ; although  for  convenience  sake  the  words  Silurian  and  Devonian 
will  always  be  in  use,  and  can  always  be  safely  used  if  their  vagueness 
be  kei:it  in  view,  and  no  theoretical  conclusions  opposed  to  facts  be  drawn 
from  them. 

Today  the  New  York  Survey  draws  the  base  of  the  Devonian  be- 
tween the  Coeymans  limestone,  which  it  places  in  the  base  of  the  Hel- 
derbergian,  and  the  upper  Manlius  (Keyser)  which  it  considers 
highest  Silurian  (104,  105).  The  New  Jersey  Survey  has  done  like- 
wise (140,223),  calling  the  Coeymans  the  basal  Devonian.  The 
geologists  of  the  Maryland  Survey,  on  the  other  hand,  have  drawn 
the  base  of  the  Devonian  between  the  Tonoloway  limestone  below  and 
the  Keyser  limestone  above  (142,  204,  205).  This  usage  is  based  upon 
comparison  with  the  Bohemian  succession.  Sehuehert  (205)  says 
(pp.  76-77): 

In  1900  the  writer  compared  the  Koiiieprusian  fauna  with  that  of  the 
Helderberg  and  found  the  two  to  be  very  similar,  in  fact  parts  of  one 
faunal  realm.  He  also  found  that  both  axjpear  to  rexiresent  the  oldest 
Devonian  life.  Close  resemblances  are  seen  among  the  brachiopods  and 
the  most  imjjortant  Helderberg  forms  have  direct  equivalents  in  the  Ivonie- 
prusian.  In  his  paj)er  on  the  Lower  Devonic  Aspect  of  the  Lower  Helderberg 
and  Oriskany  formations,  he  stated  : “Each  region  has,  of  course,  its  own 
develoj:iinent,  and  the  common  forms  of  one  region  may  be  rare  in  the 
other.  For  instance,  in  America  the  great  development  ...  of  Dahnanella 
and  Rhipidomella”  has  but  little  variation  in  the  Koiiieprusian,  “while  here 
the  sf)ire-bearing  families  ^leristellidae  and  Athyridae  have  a far  greater 
diversity.  The  same  is  also  true  for  the  llhynchonellidae,  although  these 
shells  are  varied  and  abundant  in  the  Lower  Helderberg  . . . The  great 
diversity  of  the  fenestelloids”  in  the  Koniequmsian  “is  in  harmony  with  a 
similar  develojiment  in  the  New  Scotland.  The  stromatoxioroids  are  also 
in  harmony  with  this  view.  The  trilobites  do  not  ojitiose  this  correlation, 
but  two  characteristic  species  of  the  Lower  Helderberg — Dalmanites  micru- 
rus  and  Acidaspis  tuhercuhita — find  their  equivalents  in  the  next  higher 
zone,  or  G . . . The  writer  therefore  concludes  that  the  Konieprusian 
(Fj)  and  the  Lower  Helderberg  are  the  equivalents  of  each  other  and  rep- 
resent the  best  known  lowest  Lower  Devonian  faunas.’’ 

Tu  1918  J.  B.  Reeside  (167)  applied  this  usage  to  the  Ilelder- 
berg  of  central  Pennsylvania.  By  drawing  the  Silurian-Devonian  line 
between  the  Keyser  and  the  Tonoloway  limestones,  he  raised  to  inter- 
systemic  importance  what  I.  C.  White  had  considered  a minor  break 
between  his  “Stormville”  and  “Bastard”  limestones  and  subjacent 
“Bossardsville”  (228)  limestone.  White  in  1883  (229)  had  drawn  the 
Devonian-Silnrian  boundary  at  the  top  of  the  Oriskany.  This  usage, 
considering  White’s  ability  as  the  outstanding  stratigrapher  of  the 
Second  Survey,  is  not  to  be  scorned.  The  subsequent  exhaustive 
studies  of  our  Silurian  and  the  Helderberg  by  Prank  M.  Swartz  fol- 
lowed at  first  the  Maryland  usage  and  anqilified  Reeside ’s  work  in 
Pennsylvania  (207,  208).  Swartz  formerly  drew  the  basal  Devonian 
between  the  Tonoloway  “i-ibbon”  limestone  and  the  succeeding  Keyser 
limestone,  lowest  member  of  the  Helderberg  group  as  formerly  used. 
Since  direct  tracing  between  Maryland  and  central  Pennsylvania  is 
possible  there  can  be  no  question  as  to  the  accuracy  of  his  north- 
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south  correlation.  Swartz  has  carried  his  correlations  completely 
across  Pennsylvania  into  New  Jersey.  His  most  recent  work,  how- 
ever, has  led  him  to  draw  the  Silurian-Devonian  boundary  between 
the  Keyser  and  Coeymans.  This  agrees  with  the  work  of  the  New 
York  stratigraphers  and  seems  more  in  harmony  with  recent  inter- 
pretations of  the  European  sequence  (Cf.  Allan  1).  Observations 
by  Cleaves  recorded  in  Chapter  III  substantiate  Swartz’s  ideas. 
Chapter  II,  contributed  by  Professor  Swartz,  describes  fully  his  pres- 
ent interpretation  of  the  interesting  Helderberg  group  and  its  rela- 
tions to  underlying  strata.  Further  discussion  of  the  Silurian- 
Devonian  relations  is  therefore  postponed  to  Chapter  II. 

PHYSIOGRAPHIC  EXPRESSION 

The  Devonian  formations  of  Pennsylvania,  unlike  our  Silurian, 
Mississippian  and  Pennsylvanian,  include  no  elements  which  are  con- 
sistently prominent  ridge  makers  save  in  quite  restricted  portions  of 
the  State  (8,  9).  Among  the  Catskill  units,  the  Honesdale  sandstone 
together  with  the  Pimple  Hill  conglomerate  of  the  Cherry  Ridge  red 
beds  comes  nearest  to  being  an  exception  to  this  statement.  It  is  chiefly 
the  Honesdale  which  forms  the  escarpment  of  the  Pocono  Plateau,  a 
feature  analogous  to  the  Allegheny  Front,  which,  however,  is  sup- 
ported by  the  younger,  Pocono  formation.  From  the  Plateau  south- 
eastward, the  Honesdale  and  Pimple  Hill  give  rise  to  the  southern 
of  the  two  crests  of  Second  Mountain.  Its  northern  crest  is  the  Pocono 
and  the  intervening  valley  is  floored  with  Cherry  Ridge  and  (or)  later 
red  beds.  The  Devonian  ridge  dwindles  toward  the  Susquehanna.  It 
flanks  Cove  Mountain  and  is  called  Pine  Ridge  in  Perry  County  and 
recrosses  the  river  at  Clarks  Ferry.  Thence  east,  though  Honesdale 
and  Pimple  Hill  lithologies  may  sometimes  be  observed,  the  topo- 
graphic expression  is  merely  a bench  along  the  north  side  of  Peters 
Mountain,  until  eventually  it  dies  out  eastward.  Along  the  Allegheny 
Front,  the  Catskill  contains  certain  conglomerates  or  hard,  pebbly 
sandstones  which  are  productive  of  slight  ridges  or  benches  concen- 
tric or  parallel  to  the  main  escarpment.  Among  the  other  Catskill 
continental  units  is  the  Elk  Mountain  sandstone,  a member  whose 
lithology  closely  resembles  the  Honesdale,  but  whose  distribution  is 
confined  to  the  northeastern  counties.  It  is  slightly  younger  and 
usually  much  thinner  than  the  Honesdale  and  tends  to  produce  a 
terrace  or  bench  concentric  to  the  outer  rim  of  the  Lackawanna  basin 
which  is  delineated  by  the  Moosic  Mountains  and  their  equivalents. 

In  the  Susquehanna  and  Juniata  valleys  of  central  Pennsylvania 
north  of  Harrisburg,  the  Hamilton  group  is  dominated  by  the  Monte- 
bello sandstone,  a hard,  pebbly  rock  800  to  1,000  feet  thick  above  the 
first  water  gap  on  the  Susquehanna  but  thinning  rapidly  to  the  north, 
east  and  west.  This  underlies  such  features  as  Half  Falls  Mountain, 
Little  Mountain  and  a few  lesser  ridges,  chiefly  in  Perry  County.  The 
Marcellus  carries  local  sandstones  in  this  same  general  region.  One  of 
these  takes  its  name  from  Turkey  Ridge  which  it  upholds  along  the 
south  side  of  Juniata  County.  In  south-central  Pennsylvania  another 
sandstone,  the  Chaneysville  member,  quite  distinct  from  the  Monte- 
bello, appears  in  the  midst  of  the  Mahantango  formation  and  forms 
small,  local  ridges. 
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Figure  6.  Relief  Map  of  Pennsylvania. 
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The  Portage  group  from  the  Susquehauiia  Valley  between  ISunbury 
and  Harrisburg  and  eastward  to  the  Delaware  consists  mostly  of  the 
hard,  flaggy  Trimmers  Rock  sandstone.  This  1,000  to  1,000  foot  uuit 
produces  small  ridges  in  the  more  intensely  folded  portions  of  the 
Appalachian  Valley.  It  becomes  the  major  ridge-forming  Devonian 
element  in  the  Susquehanna-Juniata  valleys  as  the  Montebello  sand- 
stone of  the  Hamilton  is  displaced  by  Mahantango  shale.  In  tlie 
east,  where  folding  is  less,  the  Trimmers  Rock  sandstone,  though 
thinner,  produces  a well-defined  scarp  in  the  Delaware  Valley  It 
passes  northeastward  into  the  non-marine  Delaware  River  flags  which 
has  a similar  tendency  to  form  low  prominences,  chiefly  in  Pike  and 
Monroe  counties. 

Despite  the  fact  that  it  consists  often  of  coarse  sandstone  to  “pea” 
conglomerate,  the  Oriskany  is  paradoxically  a poor  ridge-maker.  In 
Monroe  County  it  might  be  mistaken  for  the  supporting  element  of 
Godfrey  Ridge,  but  actually  the  locally  well-developed  Espus  “grit” 
holds  up  this  feature.  Probably  the  reason  for  the  Oriskany ’s  not 
appearing  oftener  as  a ridge  is  the  characteristic  Aveakness  of  the 
cement,  which  may  be  ferruginous  or  calcareous,  but  even  the  cherty 
phase  tends  to  break  up  rapidly.  To  be  sure,  there  are  such  exceptions 
as  Warrior  Ridge  in  Huntingdon  County,  composed  of  Oriskany 
sandstone.  The  Oriskany  makes  other,  less  prominent  ridges  south- 
ward in  Bedford  and  Pulton  counties.  Conversely,  in  Northumber- 
land, Montour,  Columbia  and  parts  of  adjoining  counties,  we  have 
the  anomalous  condition  of  low  ridges  supported  by  the  Helderberg 
limestone,  while  the  adjacent  terrane  underlain  by  the  Oriskany  is 
featureless.  So  poor  are  the  exposures  of  the  sandstone  in  this  part 
of  the  State  that  it  is  locally  doubtful  if  the  Oriskany  is  actually 
pre.sent.  At  Palmerton  the  Palmerton  sandstone  and  BoAvmanstown 
chert  and  the  Oriskany  together  support  Stony  Ridge. 

By  contrast  Avith  its  minor  ridge-forming  elements,  many  of  the 
major  Devonian  units  habitually  floor  the  valleys.  This  is  character- 
istic of  the  Hamilton,  Portage,  and  Chemung  sandy  shales.  The 
Helderberg,  often  found  along  the  valley  sides  flanking  the  rising- 
ground  adjacent  to  mountains  of  Silurian  sandstones,  may  or  may  not 
form  a low  ridge.  Among  the  units  constituting  the  Catskill,  the 
shalier  members  tend  to  form  valleys  parallel  or  concentric  to  the 
ridges  of  Pocono  sandstone.  In  general  the  Devonian  rocks  of  Penn- 
sylvania do  not  tend  to  produce  prominent  topographic  features. 
Rather,  they  chiefly  form  the  lesser  ridges  and  A'alleys  AA’hich  striate 
the  Appalachian  Valley  section. 

ECONOMIC  ASPECT  OF  THE  DEVONIAN 

Of  all  the  Paleozoic  systems  represented  in  Pennsylvania,  none,  save 
the  Pennsylvanian,  is  today  more  productive  of  mineral  Avealth  than 
the  Devonian.  It  may  be  a paradise  to  the  stratigrapher  and  paleon- 
tologist, but  its  economic  aspect,  except  for  petroleum  and  natural 
gas,  is  weak.  This  absence  of  abundant  mineral  deposits  is  doubtless 
the  principal  reason  why  the  system  has  receh^ed  so  little  attention  in 
the  past.  It  supplies  natural  gas,  petroleum,  silica,  lime  and  a feAV 
other  products  in  small  amounts.  A brief  resume  of  these  resources 
follows. 
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Metallic  Products 

Iron  ore.  Occasionally  we  find  reference  to  the  discovery  of  small 
occurrences  of  lead  and  copper  minerals  in  our  Devonian  rocks,  but 
the  only  metalliferous  product  ever  profitably  mined  from  the  system 
in  Pennsylvania  was  iron.  No  lon<>'er  mined,  50  to  100  years  ago 
ferruginous  beds  in  the  Oriskany,  Mareellus,  Chemung  and  Catskill 
were  worked.  Iron  ore  seems  also  to  have  been  taken  from  beds  of 
Portage  age.  The  known  lenses  of  oolitic  hematite  in  the  Hamilton 
are  of  infinitesimal  value.  In  general  all  the  iron-bearing  strata  are 
too  thin  or  the  ore  too  lean  to  signify.  Practicallj^  all  the  ore  appeal’s 
to  be  of  the  “bog  iron”  type.  The  limestones  are  not  known  to  have 
contributed  to  the  supply. 

Faint  ore  (123,  146).  In  the  Lehigh  Valley  near  Palmerton  in  the 
midst  of  the  Onondaga  is  a limestone  bed  rich  in  carbonate  of  iron. 
This  has  long  been  mined  and  burned  as  pigment,  but  actually  is  of 
comparatively  small  monetary  value.  In  the  past  there  seem  to  have 
been  a number  of  these  mines  in  this  region  to  which  this  ore  bed  is 
probably  confined. 

Non-metallic  Products 

Coal.  Prom  the  earliest  clays  of  geologic  work  in  Pennsylvania, 
black  shales  and  coal  have  been  inseparable  in  the  lay  mind,  though 
their  dissociation  in  the  field  is  as  common  as  their  juxtaposition. 
There  are  black  shales  of  Devonian  age,  notably  the  persistent  Mar- 
eellus, probably  the  most  widespread,  homogeneous  formation  in  the 
system.  The  Burket  and  Harrell  (collectively  the  “Genesee”  of 
authors)  are  a clo.se  .second  in  prominence  to  the'  Mareellus.  These 
Devonian  black  shales  are  of  marine  origin;  those  of  the  Coal  Measures 
are  chiefly  fresh-Avater  formed.  Devonian  coal  has  been  discovered  in 
beds  uji  to  an  inch  thick,  but  in  no  Avay  associated  with  black  shales. 
As  examples,  there  is  an  occurrence  in  the  continental  Catskill  facies 
in  Lycoming  County  in  road  cuts  on  State  Iligluvay  115  along  Loy- 
alsock  Creek  near  Crooked  Riffles  HoHoav.  Here  it  is  hard,  shiny 
material  which  fractures  readily  at  right  angles  to  the  bedding.  In 
Pike  County  a little  coaly  material  consisting  of  matted  plant  stems 
Avas  observed  in  cuts  on  the  II.  S.  Iliglnvay  6 northwest  of  Milford. 
Similar  .deposits  ha.A^e  been  found  in  other  localities.  Apparently, 
all  are  confined  to  continental  deposits,  and  as  such  adumbrate  the 
coal  deposits  of  the  PennsyHanian.  Locally,  some  of  this  Catskill 
“coal”  may  be  replaced  by  copper  minerals  of  no  commercial  value. 
(Cf.  Butler,  R.  D.,  Econ.  GeoL,  vol.  33,  1938,  pp.  625-634.) 

Flagstone.  BroAvnstone  fronts  and  flagstone  sidcAvalks  Avere  insep- 
arable features  of  our  eastern  cities  fifty  j^ears  ago.  The  former  have 
gone  out  of  fashion  and  our  Triassic  sandstone  quarries  are  aban- 
doned. Concrete  and  asphalt  have  so  driven  out  flagstones  that  the 
quarries  which  pockmark  the  hills  of  northeastern  Pennsyh’ania  are 
mostly  as  deserted  as  the  Triassic  broAimstone  pits.  Today,  a little 
flagging  is  produced,  largely  for  ornamental  stone  floors,  but  the  days 
of  flagstone  sideAvalks  are  gone  to  the  limbo  of  the  hitching  iiost.  Most 
of  our  flag’stones  came  from  the  Catskill  continental  deposits  in  north- 
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eastern  Pennsylvania.  The  New  Milford  sandstone  was  a great  source 
of  these  slabs  of  gray-green,  often  delightfully  ripple-marked  sand- 
stones. The  Honesdale  and  Elk  Mountain  sand.stones  appear  also  to 
have  been  le.sser  contributors,  and  many  abandoned  quarries  gape 
from  exposures  nf  the  Delaware  River  flag-s. 

Silica  (88,  134).  Sand  excavation  for  the  manufacture  of  glass  has 
long  been  a thriving  industiy  in  Pennsylvania.  A large  part  of  this 
silica  comes  from  the  Oriskany  sandstone  (Ridgeley).  Most  of  it  is 
quarried  in  the  region  of  Huntingdon  at  Mapleton,  Everett,  McVey- 
town,  etc.  In  that  part  of  the  State,  the  Oriskany  is  nearly  free  from 
impurities  and  is  easily  worked,  owing  to  the  structure  and  lithology. 
In  Monroe  County  there  is  found  a white,  impalpable  powder  referred 
to  as  “white  clay”.  It  is  highly  siliceous  and  has  been  mined  for 
use  in  several  industries.  It  is  the  product  of  weathering  of  either  the 
New  Scotland  limestone  or  Bowmanstown  chert  or  both. 

Building  and  Crushed  Stone  (200).  None  of  the  Devonian  forma- 
tions is  particularly  attractive  for  building  stone ; few  have  also  the 
requisite  physical  properties.  Locally,  some  have  been  tried,  including 
the  heavier  beds  of  the  Helderberg  limestones,  the  Oriskany,  Monte- 
bello and  Catskill  sandstones.  Crushed  stone  has  been  manufactured 
from  some  of  our  Devonian  formations.  The  Helderberg  supplies  road 
metal.  For  this  also  the  massive,  eastern  facies  of  the  Onondaga  has 
been  used,  but  it  is  not  particularly  satisfactory,  owing  to  the  abun- 
dance of  chert  which  breaks  in  sharp  edges  and  points,  ruinous  to 
automobile  tires.  Only  one  quarry  in  the  Tnlly  is  known  to  produce 
road  metal.  This  is  at  Jersey  Shore.  Both  the  Montebello  and  Trim- 
mers Rock  sandstones  have  been  crushed  and  used  for  highway  con- 
struction. Some  of  their  beds  are  very  hard,  dense  and  compact  and 
of  good  quality  for  this  purpose.  Catskill  members  are  sometimes 
crushed  or  merely  broken  by  hand  sledges  in  road  work,  particularly 
in  our  northern  counties  where  these  are  almost  the  only  source  of 
hard  rock. 

Lime  (147,  148).  The  Helderberg  group  has  for  years  been  a source 
of  lime  in  Pennsylvania.  It  has  been  burned  wherever  the  calcareous 
members  of  the  group  are  well  developed,  provided  better  sources  are 
lacking.  The  product  is  chiefly  devoted  to  agricultural  uses.  The 
Onondaga  has  been  burned  to  a less  extent  than  the  Helderberg  and 
with  indifferent  success.  It  is  either  too  cherty  or  too  shaly  to  be  of 
such  commercial  value  that  it  can  compete  with  the  Helderberg.  The 
Tully  limestone  has  also  been  burned  at  a few  places,  but  at  present 
probably  is  not  producing  any  lime.  Ancient  quarries  and  kilns  are 
known  in  Bald  Eagle  Valley  and  Bedford  County.  When  pure  the 
limestone  is  usually  quite  thin;  in  thicker  sections  it  is  very  shaly. 
Curiously,  until  the  present  researches  were  prosecuted,  the  unrecog- 
nized Tully  was  mapped  as  Helderberg  with  which  it  was  confused. 
Such  records  as  there  may  be  of  its  use  as  a source  of  lime  are  con- 
sequently inseparable  from  accounts  of  the  Helderberg.  The  Lnthers 
Mills  and  other  coquinites  have  been  burned,  principally  in  Bradford 
and  Susquehanna  counties,  but  are  poor  sources  of  lime.  The  only 
excuse  for  their  use  is  the  absence  over  large  parts  of  northern  Penn- 
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sylvailia  of  true  limestones.  For  additional  information,  see  Chapter 
II  on  the  Keyser  and  Helderberg  beds  which  are  quite  caleareoiis. 

(rround  water  (183,  141).  In  northwestern  Pennsylvania  where  a 
large  proportion  of  the  surface  and  shallow  rocks  are  of  Devonian 
age,  the  following  statement  by  R.  M.  Leggette  regarding  their 
value  as  aipiifers  is  significant  (133,  p.  4fi)  : 

Sandstones.  In  norlliwestern  Pennsylvania  more  than  twenty  distinct 
sandstone  beds  have  been  recognized.  They  are,  with  lew  exceptions,  very 
irregular  in  character.  ]\Iost  of  them  are  jn’orninent  only  locally,  but  some 
of  them  are  found  over  large  areas.  Even  these  beds  of  widespread  occur- 
rence are  extremely  variable  in  those  characters  that  determine  their 
water-bearing  properties.  It  is,  therefore,  impossible  to  describe  the 
water-bearing  properties  of  any  one  sandstone.  If  a sandstone  lies  below 
tlie  water  table  and  is  permeable,  it  may  yield  moderate  supplies  of  water. 

Shale.  Many  of  the  domestic  supplies  of  the  area  are  obtained  from 
shale.  Although  much  of  the  shale  has  considerable  porosity,  the  pores 
are  so  small  that  most  of  the  water  is  retained  in  the  rock  and  does  not 
become  available  to  wells.  In  many  places,  however,  the  shale  is  broken  by 
Joints  along  which  water  moves.  Bedding  planes  also  permit  the  storage 
and  movement  of  water.  Openings  of  this'  kind,  if  encountered  below  the 
water  table,  will  supfily  small  quantities  of  water,  usually  enough  for 
domestic  use.  It  seems  probable  that  many  of  the  wells  reported  by 
drillers  as  ending  in  shale  or  “slate,”  actually  end  in  sandy  shale.  The 
commonly  used  terms  “slate”  and  “shells”  probably  refer  to  thin-bedded 
sandstone. 

Recent  studies  by  >Stanley  W.  Lohman  are  contained  in  two 
reports  published  by  tlie  Pennsylvania  Topographic  and  Geologic 
Survey.  The  one  covers  northeastern  Pennsylvania,  the  other  the  cen- 
tral and  southcentral  regions.  Together  with  Leggette ’s  bulletin  just 
(juoted,  these  embrace  all  of  the  important  surface  exposures  of 
Devonian  in  Pennsylvania.  Lohman ’s  observations  in  northeastern 
Pennsylvania  record  the  important  Devonian  water-bearing  roelts  to 
be  of  Helderberg  age  plus  some  of  the  Catskill  sandstones.  Ilis  records 
for  south-central  and  central  Pennsylvania  indicate  the  Devonian 
strata  most  likely  to  yield  water  to  be  the  Helderberg  limestones,  with 
smaller  sources  in  the  Oriskany,  Hamilton,  Chemung  and  Catskill 
sandstones  (141). 

Petroleum  and  Natural  Gas  (37,  38,  39,  40,  41,  89,  90,  92,  93,  94). 
Drilling  for  petroleum  began  in  Pennsylvania  in  1859.  The  early  wells 
penetrated  rocks  of  late  Devonian  age,  the  Conewango  group,  and  are 
now  rated  among  the  oldest  producing  in  the  United  States.  For 
three-quarters  of  a century,  petroleum  has  been  obtained  from  such 
shallow  sands  as  the  First,  Second  and  Third  Venango.  Deeper 
sources  assignable  to  rocks  probably  nowhere  older  than  the  Chemung 
have  also  been  tapped  in  this  field.  Below  the  Chemung  is  a great  gap 
of  barren  Upper  and  Middle  Devonian  strata  down  to  the  Oriskany 
sandstone.  Recent  deep  borings  have  reached  the  Oriskany  in  Tioga, 
Bradford  and  Potter  counties  particularly.  In  southwestern  Pennsyl- 
\-ania  some  wells,  though  not  many,  which  have  penetrated  the  lower 
Devonian  have  been  productive.  Briefly,  the  highest  Devonian  forma- 
tions in  Pennsylvania  have  produced  petroleum  and  natural  gas,  the 
lower  Middle  and  particularly  the  Lower  Devonian  have  yielded  com- 
mercial flows  of  gas.  Of  the  total  petroleum  produced  in  Pennsyl- 
vania, it  is  estimated  that  over  90  per  cent  has  come  from  sands  of 
Devonian  age. 


CHAPl’ER  II 

THE  KEYSER  LIMESTONE  AND  HELDERBERG  GROUP 


By  Frank  McKim  Swartz 
The  Pennsylvania  State  College 


INTRODUCTION 

ORIGIN  OF  TERM  HELDERBERG  AND  NAMING 
OF  NEW  YORK  MEMBERS 

The  Helderberg  Mountains,  southwest  of  Albany,  New  York,  make 
a bold  escarpment,  which  rises  abruptl.y  from  the  Albany  lowlands 
The  name  was  derived  (104,  p.  7)  from  the  Dutch  h elder,  bright,  and 
herg,  mountain,  referring  to  the  high  limestone  cliffs,  which  are  con- 
spicuous against  the  darker  background  of  the  tvooded  slopes. 

The  escarpment  gave  its  name  to  rocks  that  are  finely  exposed 
along  its  face  when  the  term  Helderberg  Division  was  introduced  by 
Lardner  Vanuxem  in  1842  (218).  Diagnostic  fossil  faunas  of  these 
and  other  New  York  sediments  were  studied  by  James  Hall,  and  de- 
scribed in  his  classical  volumes  (112,  etc.)  on  the  Paleontology  of  New 
York.  By  these  investigations.  Hall  laid  the  groundwork  for  correla- 
tions both  in  New  York  and  other  areas,  and  was  largely  responsible 
for  the  fact  that  the  term  Helderberg  group,  and  many  other  names 
of  New  York  origin,  are  extensively  used  through  the  Appalachian 
region. 

In  Hall’s  work,  the  limestones  of  the  Helderberg  Division  of  Vaii- 
uxem,  with  some  emendations,  were  divided  into  Upper  Helderberg, 
above  the  Oriskany  sandstone,  and  Lower  Helderberg,  below  it.  The 
Lower  Helderberg  of  Hall  is  approximately  the  Helderberg  group  of 
present  terminology.  The  latter  change  in  classification  was  proposed 
by  Clarke  and  Schuehert  in  1899  (69),  when  they  advanced  geo- 
graphic names  for  New  York  formations,  to  replace  lithologic  and 
faunal  terms  of  earlier  usage.  The  classifications  of  Helderberg  beds 
used  by  Hall  and  by  Clarke  and  Schuehert  are  compared  in  Table  VII, 
along  with  that  followed  by  Goldring  in  a recent  publication  (105). 

WORK  IN  PENNSYLVANIA 
BY  FIRST  AND  SECOND  SURVEYS 

During  the  same  developmental  period,  extensive  geologic  investiga- 
tions were  being  carried  on  in  Pennsylvania ; first  by  Henry  D.  Rog- 
ers, whose  First  Annual  Report  was  published  in  1836,  and  later  by 
members  of  the  Second  Geological  Survey  of  Pennsylvania.  The  prob- 
lems confronting  these  men  differed  in  notable  respects  from  those 
encountered  by  Hall  in  his  studies  of  the  fossiliferous  rocks  west  of 
the  Hudson  River  in  New  York.  The  sedimentary  strata  are  much 
thicker  in  Pennsylvania.  They  underlie  a larger  and  in  part  more 
rugged  area.  They  have  suffered  more  extensive  deformation.  Their 
economic  products  are  more  valuable.  A larger  proportion  of  the 
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work  consequently  was  devoted  to  studies  of  local  structural  and 
economic  features. 

The  geologists  of  the  Second  Survey  produced  the  very  useful  and, 
especially  in  terms  of  the  date,  very  excellent  series  of  areal  geologic 
maps  for  the  various  counties.  With  these  are  many  detailed  and 
informative  charts  illustrating  the  geologic  structures  of  important 
areas.  Because  of  the  magnitude  of  the  problems,  stratigraphic  studies 
were  rarely  carried  beyond  a reconnaissance  stage.  The  formations 
used  in  mapping  were  as  a rule  broadly  conceived,  and  not  well  under- 
stood. The  diagnostic  fossil  assemblages  were  little  studied.  Because 
of  these  deficiencies,  many  of  the  formational  terms  used  by  the 
Second  Survey  are  today  discarded. 


Figure  7.  Sketch  map  showing  the  distribution  of  the  Keyser  and  Helder- 

berg  beds  in  Pennsylvania. 

1.  Deckers  Ferry,  2.  Brodhead  Creek,  3.  Auburn,  4.  Clarks  Mill,  5.  Mandata,  6.  Mount 
Rock,  7.  Hollidaysburg,  8.  Warren  Point. 

Tlie  most  notable  work  on  Helderberg  and  Keyser  beds  was  con- 
tributed by  I.  C.  Wliite  (228,  229,  230)  and  E.  W.  Claypole  (72). 
White  presented  a detailed  and  generally  accurate  account  of  these 
rocks  as  seen  near  Stroudsburg  in  eastern  Pennsylvania  (see  Table 
VI 11).  Ills  descriptions  of  equivalent  beds  in  tlie  central  part  of  the 
State  also  are  good,  though  his  correlations  are  not  wholly  correct. 
Classifications  used  by  White,  Claypole,  and  some  of  their  associates 
are  illustrated  in  Table  VIII. 

INVESTIGATIONS  IN  NEW  JERSEY  AND  MARYLAND 

Limestones  of  Helderberg  and  Keyser  age  in  northwestern  New 
Jersey  were  described  in  1903  by  Stuart  Weller  (223,  pp.  56-59,  62-94, 
218-340).  Weller  followed  Clarke  and  Sehuchert  and  placed  the  base 
of  the  Helderberg  group,  and  likewise  the  Siluro-Devonian  boundary, 
at  the  base  of  the  Coeymans  limestone.  The  top  of  the  Helderberg 
group  was  placed  at  the  top  of  the  “Kingston” — now  Port  Ewen— 


TABLE  VII 

Classifications  of  Helderberg  limestones  in  the  Helderberg  Mountain  area  of  New  York 


KEYSER  AND  HELDERBERG 
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shale.  The  next  overlying  beds,  already  known  as  the  Dalmanitcs 
dentatus  horizon  through  work  by  Barrett,  were  included  in  the  basal 
part  of  the  Oriskany,  though  their  close  relations  to  tlie  underlying 
Helderberg  were  recognized. 

Helderberg  and  associated  limestones  were  also  being  investigated 
and  described  in  western  Maryland.  In  1903  Charles  Sehuchert  pub- 
lished a brief  synopsis  of  work  which  had  extended  over  several  years 
(180).  He  recognized  divisions  for  which  he  used  the  New  York 
terms  Salina,  Manlius,  Coeymans,  New  Scotland,  and  Beeraft.  In 
1911  E.  0.  Ulrich  and  G.  W.  Stose  visited  western  Maryland  witl' 

TABLE  IX 

Relations  of  Keyser-Helderherg  limestones  in  western  Maryland,  as 
described  in  1913  (142). 


West  of 
Hancoek 

East  of 
Hancock 

Oriskany  j 

Ridgeley  sandstone 
“Spirifer”  arenosus 
fauna,  130-250  feet. 

a 

d 

Vi 

Ridgeley  sandstone 
‘aS.”  arenosus  fauna, 
65  feet. 

1 

Shriver  chert, 
100  feet. 

T 

o 

(absent). 

1 

cd 

(absent) . 

c3 

*s 

g 

Beeraft  limestone 
"8p ir ifer”  conci n n u s 
fauna,  85-125  feet. 

' 5 

' o 
1 >■ 

' Q 

tUD 

U 

New  Scotland  shale 
and  limestone,  50 
feet. 

a 

<V 

New  Scotland 
limestone, 

25  feet. 

Xi 

u 

(V 

% 

w 

Coeymans  limestone, 
8 to  10  feet. 

Coeymans  sandstone, 
10  feet. 

1 

Keyser  limestone, 
270  to  290  feet. 

w 

Kevser  limestone 

■ 

Tonoloway 

limestone 

OTj 

Tonoloway 

limestone 

C.  K.  Swartz,  and  agreed  to  divide  these  limestones  into  Helderberg 
limestone,  of  Lower  Devonian  age,  above ; and  Tonoloway  limestone, 
of  Silurian  age,  below  (213).  The  Manlius  limestone  of  Sehuchert. 
and  most  of  his  Coeymans  limestone  were  placed  together  in  a new 
member,  included  in  the  Helderberg  formation,  and  named  Keyser 
limestone  from  Keyser,  West  Virginia. 

A preliminary  description  of  the  Keyser  and  its  faunas  was  con- 
tributed by  Ulrich  in  1912  in  the  Pawpaw-Hancock  Folio  of  the  U.  S. 
Geological  Survey  (202).  The  Keyser  was  considered  Devonian 
though  older  than  the  Coeymans  because  (1)  it  contains  numerous  spe- 
cies closely  allied  to  those  of  the  unquestioned  Helderberg  group;  (2) 
work  in  progress  led  Ulrich  to  believe  that  the  Keyser  is  intermediate 
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in  age  between  the  Coeymans  and  typical  Manlius,  considered  next 
older  than  the  Coeymans  by  New  York  geologists.  The  Keyser  was 
thus  considered  “an  older  stage  of  the  Helderberg  group  than  was 
known  or  recognized  in  New  York.” 

Keyser-IIelderberg  sections  at  Keyser,  West  Virginia,  and  at  numer- 
ous localities  in  western  Maryland  were  described  in  1913  by  C.  K. 
Swartz,  T.  P.  Maynard,  Charles  Schuchert,  and  R.  B.  Rowe  (205). 
The  divisions  and  relationships  recognized  in  the  Lower  Devonian  in 
Maryland  (142,  152,  182,  186,  205,  etc.)  are  illustrated  in  Table  IX. 
Correlation  of  the  Maryland  beds  was  discussed  by  C.  K.  Swartz 
(202).  The  Keyser  was  again  considered  part  of  the  Helderberg 
group,  because  of  the  high  percentage  of  Ilelderbergian  species,  and 
uncertainties  concerning  correlation  with  the  New  York  formations. 
Swartz  pointed  out,  however,  the  presence  of  a Avidespread  discon- 
formity  separating  the  Keyser  and  Coeymans  limestones. 


RECENT  WORK  IN  PENNSYLVANIA 

In  1917,  J.  B.  Reeside  (167)  described  the  Keyser-IIelderberg  rocks 
of  part  of  central  Pennsylvania.  Ilis  work  Avas  especially  concerned 
with  the  Keyser.  It  Avas  found  to  duplicate  closely  the  lithologic  and 
faunal  features  that  characterize  it  in  Avestern  Maryland.  In  1929,  the 
writer  (207)  published  results  of  studies  tracing  the  Helderberg  lime- 
stones from  Avestern  Maryland  into  the  Virginias,  and  also  describing 
several  LoAver  Devonian  sections  in  central  and  eastern  Pennsylvania 
(208).  The  classification  used  in  Maryland  was  folloAv^d  by  both  Ree- 
side and  the  Avriter.  Striking  lateral  changes  occur  in  the  sediments 
in  the  Virginias.  Apparent  interfingering  of  the  southern  continua- 
tion of  the  “Becraft”  limestone  and  ShriA^er  chert  raised  questions 
as  to  the  relations  of  these  beds,  AAdiich  are  further  considered  in  this 
paper. 
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NEED  FOR  FURTHER  STUDIES 

The  Keyser  and  Helderberg  deposits  of  Pennsylvania  need  further 
stud}',  both  as  to  lithologic  sequences  and  characteristic  faunas.  The 
present  chapter  is  based  on  about  four  months  of  field  and  laboratory 
study  during  the  summers  of  1937  and  1938,  with  review  of  some 
previous  work.  At  many  of  the  new  localities,  only  a small  part  of  the 
collected  faunas  has  been  adequately  worked  up,  especially  in  the  case 
of  the  Keyser.  Studies  of  late  Helderberg  and  Ori.skany  ostraeoda  at 
localities  from  southeastern  New  York  to  Maryland  are  being  carried 
out  with  help  of  a grant  from  the  Penrose  Bequest.  Some  work  has 
been  done  with  the  profuse  ostraeoda  in  the  Keyser  in  central  Penn- 
sylvania. A few  preliminary  statements  referring  to  these  studies 
are  included  in  the  present  discussion. 


CHARACTER  AND  CORRELATION  OF  THE  KEYSER 
LIMESTONE  AND  HELDERBERG  GROUP 
OF  PENNSYLVANIA 

The  Keyser  limestone  and  each  of  the  formations  of  the  Helderberg 
group  will  be  discussed  in  order  under  the  headings ; general  rela- 
tions, surface  distribution,  members  and  lithologic  features,  boun- 
daries, thickness,  economic  value,  fauna,  and  correlation.  A special 
section  is  devoted  to  the  age  of  the  Keyser  and  position  of  the  Siluro- 
Devonian  junction  in  the  Appalachian  area.  The  classification  of 
Kevser  and  Helderberg  beds  used  at  this  time  is  sliowu  iu  Tables  XIll 
and  XIV. 

THE  KEYSER  LIMESTONE 

General  relations.  At  its  type  locality,  Keyser,  AVest  A'irgiuia,  the 
Keyser  limestone  is  280  feet  thick.  The  sequence  there  is : 


Thin-bedded,  in  part  laminated  limestone  70  feet 

Thick-  and  some  thin-bedded  limestone  145  feet 

Thick-bedded  lumpy  limestone 65  feet 


The  fauna  is  dominated  by  brachiopods,  but  includes  corals,  cystids, 
bryozoa,  mollusks,  and  some  trilobites  and  ostraeoda.  The  Keyser  is 
overlain  by  Coeymans  limestone,  12  feet  thick,  and  containing  the 
characteristic  Gypidula  coeymanensis  fauna.  Below  it  is  the  Tonolo- 
way  limestone,  590  feet  thick,  for  the  most  part  laminated  and  spar- 
ingly fossiliferous. 

Surface  distribution.  The  Keyser  limestone  extends  northward 
from  Maryland  into  central  Pennsylvania,  and  is  widely  exposed 
through  the  Appalachian  Ridge  and  Valley  Province  (Figure  7).  It  is 
faulted  out  for  about  15  miles  in  eastern  Fulton  County.  It  is  not 
known  between  southeastern  Perry  County  and  Sehiiylkill  County. 
Disappearance  of  the  Keyser  and  adjacent  beds  along  the  latter  belt 
has  been  attributed  to  both  faulting  and  unconformity.  Near  Auburn, 
in  south-central  Schuylkill  County,  3 feet  of  Oriskany  (?)  is  seen 
in  eontaet  with  Bloomsburg  red  shale,  without  apparent  evidence  of 
faulting.  In  the  writer’s  opinion,  the  increasing  content  of  sand  and 
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pebbles  observed  in  the  Keyser,  Helderberg,  Oriskany,  and  Esopus 
beds  dll  approachimg  Auburn  from  the  east,  strongly  indicates  that 
their  disappearance  here  is  due  to  a sedimentary  break.  Because  of 
their  absence  in  this  interval,  the  Iveyser-Helderberg  beds  of  central 
and  eastern  Pennsylvania  are  entirely  disconnected  along  their  out- 
crop ; but  there  is  every  reason  to  believe  tliat  tliey  are  continuous 


Photographs  hy  F.  2!.  Swain 


Figure  8.  Features  of  the  Keyser  limestone.  A.  Sharp  and  irregular, 
evidently  tliseonformahle  eontaet  hetween  erystalliiie  Coeyiiians  limestone 
above,  and  dense  limestone  of  upper  Keyser  below.  Gypidula  valves  are 
weathered  in  relief  on  the  Coeymans  surface.  Seale  about  as  in  C.  Section 
near  Painterville,  Pennsylvania.  li.  Laminated  limestone  beds  of  upper 
part  of  Keyser  limestone,  Painterville,  Pennsylvania.  C.  Lumpy  lime- 
stone, lower  part  of  Keyser  limestone.  Section  one  and  one-half  miles 
north  of  Selinsgrove  Junction,  Pennsylvania.  I).  Contact  hetween  dense, 
laminated  Tonoloway  limestone  below,  and  finely  crystalline  basal  Keyser 
above.  North  of  Selinsgrove  Junction. 
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through  northeastern  Pennsylvania  below  the  j'ounger  Devonian  and 
Carboniferous.  East  of  Auburn  the  outcrop  of  Keyser  and  equivalent 
beds  extends  across  Pennsylvania,  northwestern  New  Jersey,  and  part 
of  the  Hudson  Valley,  to  the  Helderberg  Mountains  southwest  of 
Albanjq  New  York. 

Memhers  and  lithologic  features.  The  three  lithologic  divisions 
of  the  Keyser  at  the  type  locality  persist  through  much  of  central 
Pennsylvania.  Their  boundaries  are  variable  in  position,  and  gen- 
erally fail  to  correspond  to  the  most  important  faunal  changes  within 
the  formation.  Consequently,  they  are  not  named  as  members  of  the 
Keyser,  even  though  their  regional  significance  must  be  recognized. 

The  peculiar  lumpj'  character  of  the  lower  Keyser  is  its  most  out- 
standing lithologic  feature  throughout  western  Maryland,  central 
Pennsylvania,  and  much  of  the  Virginias.  In  places  the  beds  consist 
of  small  lumps  or  nodules  of  finely  crystalline  dark  limestone,  em- 
bedded in  more  argillaceous  limestone  (Figures  8C,  9D).  Bedding 
surfaces  are  far  apart  and  are  obscured  by  the  tendency  of  the  lumps 
to  break  across  them.  The  more  argillaceous  beds  weather  to  loose 
rubbly  masses. 

Other  beds  contain  less  of  the  argillaceous  material  and  weather 
gray.  Though  forming  more  solid  masses,  they,  too,  weather  to  irregu- 
lar fragments  independent  of  the  bedding.  Both  varieties  grade  into 
purer,  more  clearly  bedded,  less  lumpy  limestone. 

In  Blair,  Huntingdon,  and  Mifflin  counties,  bodies  of  very  thick- 
bedded,  coarsely  crystalline,  gray,  more  or  less  crinoidal,  non-lumpy 
limestones  are  interbedded  with  the  lower  nodular  beds.  One  such 
at  Mapleton  is  30  feet  thick,  and  yields  98  percent  calcium  carbon- 
ate according  to  Reeside  (167). 

The  basal  10  to  30  feet  of  the  Keyser  are  frequently  less  lumpy 
than  the  next  higher  beds.  Reeside  (167)  included  these  beds  with  the 
Tonoloway  at  Lewistown,  Dalmatia,  and  Selinsgrove,  though  he  placed 
them  in  the  Keyser  at  Clarks  Mill.  They  are  here  assigned  to  the 
Keyser  because  of  their  lack  of  lamination,  their  somewhat  lumpy 
character,  and  to  some  extent  because  of  their  fauna. 

The  laminated  upper  Keyser  beds  are  commonly  25  to  50  feet 
thick  in  central  Pennsylvania.  In  lithology  and  general  paucity  of 
fossils  they  tend  to  simulate  the  Tonoloway.  These  beds  are  less  con- 
spicuous toward  Perry  and  Fulton  Counties.  Laminated  beds  also  dis- 
appear southwards,  in  parts  of  the  Virginias.  In  Fulton  County  some 
of  the  upper  Keyser  beds  are  a little  lumpy,  and  the  uppermost  part 
resembles  the  Coeymans  in  lithology. 

The  Keyser  of  eastern  Pennsylvania  is  lithologically  unlike  that 
of  the  central  area.  In  eastern  Monroe  County  the  strata  here  included 
in  the  Keyser  are  as  follows  (See  Figure  17)  : 

Manlius  limestone  member : finely  crj'stalline,  thick-bedded, 
dark  blue  limestone,  tending  to  weather  to  irregular 
fragments 

Eondout  limestone  member  : thinly  laminated  limestone,  in- 
cluding near  top  a seven  foot  bed  of  siltj'  magnesian  lime- 
stone, called  the  “peth  stone”  bed  by  Cook 

Decker  sandstone  member : thick-bedded  calcareous  sand- 
stone and  some  limestone 


30  feet 

25  feet 
60-90  feet 
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yriie  lower  member  was  named  “Decker's  Ferry  sandstone”  by  I.  C. 
A\  bite  (228).  AAdiite  used  “Decker’s  Ferry”  for  several  bodies  of 
rock;  but  the  F.  >S.  C4eological  Survey  has  restricted  the  name  to 
Decker  limestone  in  Xew  Jersey.  (See  Tables  XII.) 

There  is  ,a  i)rog'ressive  increase  in  the  proportion  of  clastic  material 
in  the  Keyser  beds,  from  the  Nearpass  quarries  in  New  Jersey,  Avhere 
detrital  material  is  inconspicuous ; to  Monroe  County,  where  the 
Decker  is  arenaceous  and  in  part  pebbly;  then  to  Palmerton  and  An- 


Phofor/rapha  hy  F.  M.  Fii-ain 


Figure  9.  Additional  Keyser  and  ilelderberg  features.  A,  Contact  between 
thick-bedded,  gray,  crystalline  Coeymans  limestone  above,  and  laminated, 
dense  limestones  of  upper  Keyser  below.  B.  Thin-bedded  limestone  with 
chert  lenses,  about  fifty  feet  above  base  of  Keyser.  C.  Thick-bedded  lime- 
stone, about  twenty  to  thirty-five  feet  above  base  of  Keyser;  lumpy  limestone 
at  base.  D.  Lumpy  limestone  about  twenty  feet  above  base  of  Keyser, 
scale  about  as  in  B.  All  from  section  one-half  mile  east  of  Hollidaysbiirg, 

Pennsylvania. 
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dreas,  Carbon  County,  where  the  Keyser  is  sandy  throughout.  At 
Andreas  the  upper  Keyser  is  believed  to  be  represented  in  part  by 
red  sandstone  and  shale. 

The  Keyser  thins  from  Palmerton  to  Schuylkill  Haven,  Schuylkill 
County.  The  increase  in  elastic  material  in  the  Keyser,  followed  by 
thinning,  and  the  similar  changes  that  occur  in  the  Ilelderberg, 
Orisliany,  and  Esopus  beds,  strongly  favor  the  view  that  disappear- 
ance of  equivalent  deposits  west  of  Auburn  is  due  to  unconformity 
and  not  wholly  to  faulting.  (See  Figures  10,  17.) 

Boundaries.  Through  central  I’ennsjdvania  the  Keyser  is  under- 
lain by  Tonoloway  limestone;  in  the  east  it  rests  upon  Bossardsville 
limestone,  believed  to  be  Tonoloway  in  age.  Through  virtually  all  its 
outcrops,  it  is  overlain  by  Coeymans  limestone  and  sandstone. 

In  central  and  south-central  Pennsylvania,  the  base  of  the  Keyser 
has  been  placed  at  the  toj)  of  the  thinly  laminated  limestones  of  the 
upper  Tonoloway.  The  boTindary  is  usually  distinct;  occasionallj^  it 
is  so  sharp  as  to  suggest  an  unconformity  (see  Figure  8D).  In  the 
east,  the  base  of  the  Decker  sandstone  member  is  generally  well 
marked. 

Through  central  Pennsylvania  there  is  an  abnipt  boundary  between 
the  dense,  more  or  less  laminated  limestones  of  the  upper  Keyser,  and 
the  overlying  thick-bedded  coarsely  crystalline  Coeymans.  The  con- 
tact surface  is  somewhat  irregulai'.  Fragments  of  the  dense  limestone 
occur  in  the  basal  part  of  the  Coeymans,  generally  accompanied  by 
some  arenaceous  material.  The  contact  is  clearly  disconformable  in 
this  area  (see  Figures  8A,  9A1.  In  Monroe  County,  the  junction  of 
the  Coeymans  and  the  Manlius  member  of  the  Keyser  is  less  well 
defined,  and  the  break  in  sedimentation  less  clearly  shown. 

Thickness.  Figure  10  illustrates  the  known  variations  in  thickness 
of  the  Keyser  limestone  in  Pennsylvania  and  adjacent  areas  to  the 
north.  The  isopachs  ai'e  generalized.  The  greatest  known  thickness, 
290  feet,  is  found  at  Corriganville,  near  Cumberland,  Maryland.  An 
axis  of  maximum  deposition,  but  not  necessarily  of  deepest  water, 
extends  from  western  Maryland  into  central  Pennsylvania  and 
broadens  between  Jersey  Shore  and  Selinsgrove.  The  Keyser  thins 
westward  to  100  feet  near  Tyrone;  northeastward  to  135  feet  near 
Ploomsburg.  The  absence  between  Schuylkill  and  Perry  Counties  of 
the  Keyser,  together  with  the  Ilelderberg,  Oriskany  and  Esopus  (?), 
is  attributed  to  an  irregularity  of  the  ancient  coast  lines,  here  named 
the  Aubuni  Promontory  (Figure  10).*  In  the  east,  the  Kevser  or  its 
correlates  thicken  to  about  125  feet  in  New  Jersey;  thin  to  about  50 
feet  near  Catskill,  New  York,  on  the  fiank  of  the  Adirondack  dome; 
thicken  again  westward  to  about  130  feet  near  Manlius,  New  York; 
then  die  away  to  5 feet  near  Buffalo.  Thinning  against  the  Adiron- 
dack dome  divides  the  New  York  deposits  into  two  bodies,  for  which 
the  terms  New  Jersey  and  Manlius  lobes  are  here  proposed. 

Lateral  changes  in  the  sediments  indicate  that  land  lay  to  the  south 
and  east  of  the  main  Keyser  basin.  The  increasing  percentage  of 
marine  forms  toward  the  south  into  Maryland  and  the  Virginias,  led 
C.  K.  Swartz  (204,  205),  J.  B.  Reeside  (lfj7),  and  the  writer  (207, 


‘'This  statement  is  intended  to  apply  primarily  to  the  eastern  portion  oi!  the  area. 
In  Dauphin  and  Perry  counties  the  structure  mny  be  com])licatod  by  strike  faults. 
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208)  to  conclude  that  the  marine  waters  must  have  entered  from  that 
direction.  In  view  of  the  lack  of  known  Kej'Ser  faunas  in  the  conti- 
nental interior,  however,  the  Manlius  or  NeAv  Jersey  lobe  may  possibly 
have  served  as  an  oceanic  channel. 

Eoonamic  value.  The  Keyser  and  associated  Coeymans  and  Tono- 
loway  limestones  are  quarried  at  numerous  localities  along  the  belts 
of  outcrop  shown  in  Figure  7.  These  limestones  are  used  principally 
for  agricultural  lime  and  road  material  (117,  148).  They  are  gener- 


Figure  10.  Sketch  map  showing  known  variations  of  thickness  of  the 
Keyser  limestone  in  Pennsylvania  ami  of  its  supposed  equivalents  in  New 
Jersey  and  New  York.  Isopachous  interval  fifty  feet. 


ally  not  pure  enough  to  be  used  for  chemical  lime  in  competition  with 
the  Ordovician  limestone  extensively  quarried  in  central  and  eastern 
Pennsylvania.  They  are  also  less  valuable  as  building  stone. 

The  Tonoloway  limestone — or,  in  eastern  Pennsylvania,  the  Bos- 
sardsville — is  more  commonly  used  as  the  quarr,y  bed,  because  of  its 
generally  greater  purity.  In  some  regions,  however,  the  lower  Keyser  is 
fairly  pure,  as  at  the  large  quarry  at  Mapleton,  and  these  and  higher 
beds  are  extensively  quarried. 
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The  closest  approach  to  a more  satisfactory  zonal  species  for  the 
upper  Keyser  is  Meristellu  praenuntia.  However,  the  range  of  this 
species  is  also  considerably  affected  by  ecologic  relationships.  As  now 
understood,  the  upper  Keyser  is  primarily  a zone  above  the  range  of 
Chonetes  jerseyensis,  and  below  the  Coeymans  limestone. 

The  top  of  the  Choneies  jerseyensis  zone  occurs  about  at  the  top  of 
the  lumpy  beds  of  the  lower  Keyser  at  Selinsgrove  and  Lewistown. 
It  more  generally  lies  within  the  middle  limestones  that  are  neither 
lumpy  nor  laminated,  as  at  Keyser,  West  Virginia.  At  some  locali- 
ties, mostly  south  of  Pennsylvania,  somewhat  lumpy  beds  continue 
above  the  top  of  the  zone. 

The  Decker  sandstone  member  of  the  Keyser  of  eastern  Pennsyl- 
vania contains  the  Chonetes  jerseyensis,  Stenochisma  deckerensis 
fauna  seen  in  the  lower  Keyser  farther  west.  Faunas  have  not  been 
observed  in  the  uppermost  beds  of  the  sandstone.  The  more  distinctive 
species  of  the  upper  Keyser  of  central  Pennsylvania  have  not  been 
observed  in  the  Manlius  and  Rondout  of  Monroe  County.  Unfortu- 
nately, the  faunas  of  these  beds  have  not  been  studied  in  the  labora- 
tory. From  field  observations,  the  Manlius  contains  ^tropheodonta 
varistriata,  “ Spirifer”  vanuxemi,  Tentaculites  gyracanthus,  as  it 
does  in  New  Jersey.  The  only  fossils  seen  in  the  Rondout  were  uniden- 
tified Leperditias.  In  central  Pennsylvania  " Spirifer”  vanuxemi 
and  Tentaculites  gyracanthus  are  most  abundant  in  the  upper  Keyser ; 
but  also  occur,  though  less  commonly,  in  lower  beds.  Stropheodonta 
varistriata  has  not  been  identified  in  the  upper  Keyser  in  central 
Pennsylvania.  The  faunas  do  not  provide  wholly  satisfactory  evidence 
of  the  equivalence  of  the  upper  Keyser  of  central  Pennsylvania  and 
the  Manlius  and  Rondout  of  Monroe  County.  How’ever,  the  Manlius 
and  Rondout  lie  above  the  Chonetes  jerseyensis,  Stenochisma  decker- 
ensis fauna  of  the  lower  Keyser,  and  are  overlain  by  the  Coeymans 
limestone,  which  likewise  rests  upon  the  top  of  the  Keyser  farther 
west.  The  essential  late  Keyser  age  of  the  Manlius  and  Rondout 
of  Monroe  County  consequently  seems  to  be  assured. 

Correlation  with  Maryland  and  the  Virginias.  The  Keyser  lime- 
stone is  continuous  along  a series  of  outcrop  belts  from  western  Mary- 
land into  both  central  Pennsylvania  and  the  Virginias.  Close  equi- 
valence of  the  Keyser  beds  in  these  areas  is  further  shown  by  rela- 
tionships of  the  lithologic  divisions,  and  especially  by  persistence  of 
many  faunal  zones,  as  illustrated  in  Table  X.  Such  changes  as  occur 
in  central  Pennsylvania  appear  to  be  lateral  variations  in  contem- 
poraneous sediments,  and  do  not  seem  to  be  due  to  appreciable  changes 
in  age.  The  Leperditia  scalaris  subzone  of  the  basal  Keyser  of  central 
Pennsylvania  is  a possible  exception.  Its  relation  to  the  basal  Keyser 
of  Maryland  has  not  been  determined;  though  it  occurs  in  these  beds 
near  Bedford,  about  20  miles  north  of  the  Maryland  line.  Further- 
more, the  writer  recently  obtained  L.  scalaris  22  feet  above  the  base 
of  the  Keyser  limestone  in  the  type  section  at  Keyser,  West  Virginia. 

Correlation  with  New  Jersey.  Except  for  ehange  of  the  Decker 
from  calcareous  sandstone  to  limestone,  the  Manlius,  Rondout,  and 
Decker  of  the  Nearpass  quarries  in  New  Jersey  are  closely  similar 
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to  the  Manlius,  Rondout,  and  Decker  of  Monroe  County  in  thickness, 
lithology,  faunas,  and  relations  to  one  another  and  to  the  underlying 
Bossardsville  and  overlying  Coeymans.  Correlations  of  the  beds  in 
these  areas  were  described  in  part  by  White  in  1882  (228),  and  by 
Weller  in  1903  (223). 

Many  species  characteristic  of  the  lower  Keyser  of  central  Pennsyl- 
vania were  first  described  from  the  Decker  of  New  Jersey  by  Weller. 
Close  equivalence  is  shown  both  by  the  general  faunas,  and  by  simi- 
larity of  the  faunal  zones  of  the  lower  Keyser  of  central  Pennsylvania, 
and  those  established  in  the  Decker  by  Weller.  Correlation  of  the 
Rondout  and  Manlius  of  New  Jersey  and  the  upper  Keyser  of  central 
Pennsylvania  is  based  on  the  same  considerations  used  for  correlation 
of  the  Rondout  and  Manlius  of  Monroe  County,  as  previously 
discussed. 

Correlation  with  central  New  York.  Views  concerning  the  corre- 
lation of  the  Keyser  with  beds  lying  below  the  Coeymans  limestone 
in  central  New  York,  have  involved  questions  concerning  the  rela- 
tionships of  the  Manlius,  Rondout,  and  Decker  of  New  Jersey  with 
the  central  New  York  deposits.  Since  1912,  there  has  been  general 
agreement  that  the  Keyser  of  Maryland  and  adjacent  areas  is  essen- 
tially equivalent  to  these  New  Jersey  beds.  On  the  other  hand,  there 
have  been  marked  differences  in  opinion  concerning  correlation  of  the 
Keyser  and  its  New  Jersey  representatives  with  the  Cobleskill  to 
Manlius,  which  similarly  lie  below  the  Coeymans  limestone  in  New 
York  west  of  the  Helderberg  Mountain  area.  The  principal  differ- 
ences in  opinion  are  illustrated  in  Tables  XI  and  XII. 

As  will  be  seen,  both  Weller  (223)  and  Hartnagel  (120,  121)  cor- 
relate at  least  part  of  the  Decker  of  New  Jersey  with  the  type  Cobles- 
kill of  the  Schoharie  Valley,  even  though  there  are  some  differences 
in  details.  In  1912,  on  the  other  hand,  Ulrich  presented  a widely 
different  conception  of  these  relationships  (202,  214).  He  reported 
that  Cobleskill  faunas  occur  in  the  Tonoloway  of  Maryland,  and  that 
field  studies  in  New  York  at  that  time  indicated  that  the  Keyser- 
Decker  beds  are  represented  at  the  top  of  the  Manlius  near  Manlius, 
New  York.  According  to  this  view,  the  typical  part  of  the  Manlius, 
the  Rondout  of  authors,  and  the  type  Cobleskill  of  central  New  York 
are  older  than  the  Decker-Keyser  beds  in  New  Jersey  and  Maryland. 

According  to  the  studies  of  Weller  (223),  Hartnagel  (120,  121, 
122),  Grabau  (107),  and  others,  the  Decker  and  supposed  Manlius 
of  New  Jei'sey  and  nearby  parts  of  New  York,  on  the  one  hand,  and 
the  type  Cobleskill  and  type  Manlius  of  central  New  York  on  the  other, 
possess  a marked  faunal  agreement.  Hartnagel  believes  that  the  Man- 
lius is  traceable  along  the  outcrop  from  the  one  area  to  the  other,  al- 
though the  Cobleskill-Decker  and  much  or  all  of  the  Rondout  disap- 
pear by  unconformity  for  some  distance  south  of  the  Helderberg 
Mountain. 

Two  results  of  the  writer’s  work  in  central  Pennsyl\ania  are  ot 
interest  in  this  connection.  The  first  is  the  widespread  occurrence 
of  the  Cobleskill  ostraeode,  Leperditia  scalaris,  in  the  basal  part  ot 
the  Keyser  in  Pennsylvania.  The  second  is  the  marked  reduction  in 
the  Tonoloway  faunas  as  this  formation  is  traced  from  Maryland 
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Comparison  of  correlations  of  Decker,  Rondout,  and  Manlius  limestones 
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Correlation  of  Keyser  limestone  with  N'eiv  Jersey  and  New  York  beds 
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to  the  northern  limit  of  its  outcrop  in  Pennsylvania.  Identification 
of  the  L.  scalaris  of  Pennsylvania  was  confirmed  by  Goldring  and 
Hartnagel,  after  comparison  with  New  York  specimens.  Because  of 
its  peculiar  dorsal  hump,  identification  of  this  species  is  much  more 
critical  than  for  most  members  of  the  genus,  and  provides  some  added 
evidence  favoring  correlation  of  the  lower  Keyser  and  Cobleskill. 
The  changes  observed  in  the  Tonoloway  show  that  its  faunas  are 
becoming  not  more  but  less  Cobleskill-like  toward  the  north.  On  the 
other  hand,  conditions  and  faunas  suggestive  of  the  Cobleskill  are 
more  pronounced  in  the  lower  Keyser  at  Altoona,  Tyrone,  and 
Grovania,  Pennsylvania,  than  in  western  Maryland. 

The  above  relationships  do  not  themselves  provide  conclusive 
evidence  for  correlation  of  the  lower  Keyser  and  Cobleskill.  How- 
ever, they  support  the  other  data  favoring  the  essential  contempo- 
raneity of  the  Keyser  of  Maryland  and  Pennsylvania  and  the  Cobles- 
kill to  Manlius  of  central  New  York.  To  the  writer,  this  correlation 
seems  highly  plausible  with  the  evidence  now  available. 

Correlation  with  other  areas.  Distinctive  Keyser  faunas  are  not 
known  outside  of  the  Virginias,  Maryland,  Pennsylvania,  New  Jersey, 
and  New  York.  Dunbar  (83)  suggested  that  the  Rockhouse  shale 
and  basal  part  of  the  overlying  Olive  Hill  formation  of  western  Ten- 
nessee may  be  Keyser  in  age.  The  Rockhouse  contains  too  poor  a 
fauna  for  correlation,  but  the  Olive  Hill  in  part  contains  a well 
marked  Coeymans  fauna. 

The  distribution  of  faunas  and  sediments  of  the  Kej^ser  and  its 
equivalents  of  the  Appalachian  area  favors  the  view  that  the  Keyser 
seas  entered  from  the  southwest.  Absence  of  satisfactory  Keyser 
faunas  in  the  Rockhouse  and  other  known  sediments  in  that  direction 
militates  against  this  view;  but  it  is  difficult  to  see  how  the  richer 
faunas  of  Maryland  could  have  entered  from  the  New  York  or  New 
Jersey  areas. 

Age  and  Classification  of  the  Keyser  Limestone;  Position  of  the 
Siluro-Devonian  Boundary 

The  “Lower  Helderberg’’  limestones  of  New  York  (see  Table  VII) 
were  placed  in  the  Silurian  system  by  James  Hall  and  other  geologists 
of  his  day.  On  the  basis  of  new  understanding  of  the  relations  of 
Silurian  and  Devonian  faunas  in  the  classical  regions  of  England, 
Germany,  and  the  Bohemian  basin,  largely  resulting  from  the  labors 
of  Beyrich,  Kayser,  and  Freeh,  both  Clarke  (58;  pp.  408-437)  and 
Schuchert  (69;  pp.  241-332)  concluded  that  the  Helderberg  fauna 
is  not  Silurian,  but  instead  is  early  Devonian  in  age.  The  term,  Hel- 
derberg groirp,  was  redefined,  however,  to  comprise  in  New  York  only 
the  beds  from  the  Coeymans  to  the  Port  Ewen,  inclusive. 

Study  of  the  rocks  of  Maryland  led  to  further  consideration  of  the 
problem.  In  describing  the  Helderberg  limestone  of  the  Pawpaw- 
Hancoek  quadrangles  in  1912,  Ulrich  (202)  suggested  that  the  Keyser 
beds  represent  “an  older  stage  of  the  Helderberg  group  than  is  known 
or  recognized  in  New  York”.  This  view  was  based,  first,  on  the  occur- 
rence in  the  Keyser  of  numerous  species  having  distinct  Helder- 
bergian  affinities;  second,  on  the  belief  that,  though  older  than  the 
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Coeymans  limestone,  the  Keyser  is  younger  than  the  typical  Manlius 
of  central  New  York  (see  Table  XII). 

The  Helderbergian  affinities  of  the  Keyser  fauna  are  indeed  pro- 
nounced; sufficiently  so  that,  in  1903,  Schuchert  (180)  was  led  to 
include  in  the  Coeymans  limestone  the  beds  that  later  were  made  the 
Pavosites  praecedens  zone  of  the  Keyser  of  western  Maryland.  In 
1913,  C.  K.  Swartz  (204)  regarded  31  of  the  164  known  Keyser 
species,  including  12  of  the  36  species  of  the  F.  praecedens 
beds,  as  being  definitely  Helderbei’gian  in  their  relationships. 
In  view  of  the  uncertainties  concerning  correlation  of  the  Keyser 
and  typical  Manlius,  raised  by  Ulrich’s  views,  and  following  the  prin- 
ciple that  special  weight  must  be  given  the  younger  members  of  a 
fauna,  Swartz  agreed  that  the  Keyser  should  be  considered  a member 
of  the  Helderberg  group  and  referred  to  the  Devonian  system.  He 
pointed  out,  however,  that  the  Keyser  is  really  transitional  between 
the  Silurian  and  Devonian ; that  many  of  its  species  are  derived  from 
the  Silurian,  especially  if  the  typical  Manlius  and  Cobleskill  are 
included  in  this  category;  and  that  the  Keyser  is  separated  from  the 
Coeymans  in  Maryland  by  an  abrupt  lithological  and  faunal  break 
and  probable  unconformity. 

The  Keyser  was  included  in  the  Helderberg  group  and  in  the 
Devonian  system  on  much  the  same  basis  by  Reeside  in  studies  in 
central  Pennsylvania  (167;  pp.  118-120)  and  by  the  writer  in  work 
in  the  Virginias  (207;  pp.  48-51).  The  occurrence  in  the  Keyser  of 
the  earliest  known  Appalachian  species  of  several  Devonian  genera, 
of  which  Rensselaeria,  Beachia,  Meristella,  and  Merista  are  the  most 
important,'^  4vas  cited  by  the  writer  as  evidence  in  favor  of  Devonian 
age.  On  the  other  hand,  it  was  pointed  out  that  comparison  of  Keyser 
faunas  with  undeidying  and  higher  beds  is  thrown  out  of  balance  by 
relative  impoverishment  of  Upper  Silurian  assemblages  in  the  Appa- 
lachian region.  (See  footnote  on  page  91.) 

So  far  as  correlation  of  the  Keyser  with  specific  horizons  of  the 
classical  sections  of  Europe  is  concerned,  the  available  data  fail  to 
provide  a satisfactory  answer.  With  continued  growth  of  knowledge, 
increasingly  critical  comparisons  of  the  faunas  should  lead  to  more 
confident  views  concerning  age  relationships  (cf.  Allan,  1).  For  the 
present,  classification  of  the  Keyser  is  considerably  influenced  by  com- 
paratively local  considerations,  and  involves  the  question : Is  the 
Keyser  so  intimately  related  to  the  Helderberg  group  that  both  must 
be  placed  in  the  same  system? 

Accepting  the  correlation  of  the  Keyser  with  the  Cobleskill  to 
Manlius  beds  of  central  New  York,  as  previously  discussed,  relation- 
ships that  affect  classification  of  the  Keyser  as  Helderberg  and 
Devonian  versus  pre-Helderberg  and  Silurian  can  be  summed  up 
as  follows : 

A.  In  favor  of  reference  of  the  Keyser  to  the  Helderberg  group 
and  the  Devonian  system: — 

1.  The  Keyser  represents  an  extensive  invasion  of  marine  waters 
into  the  Appalachian  area,  following  prevalence  of  conditions  less 
favorable  for  marine  life.  In  a sense  it  inaugurated  the  important 
marine  submergences  that  characterized  the  Lower  Devonian  as  com- 
pared to  the  Upper  Silurian  of  the  Appalachian  area. 


* See  footnote,  page  91. 
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2.  The  Keyser  'contains  a considerable  iiinniber  of  species  tliat  are 
very  close  to  Coeyinans  and  New  /Scotland  forms,  to>>'e,ther  with  early 
species  of  several  important  Devonian  genera.  These  are  more  abnii- 
dant  in  the  Keyser  of  the  Maryland  area,  rare  in  its  equivalents  in 
New  York.  The  age  of  the  Keyser  must  eventually  be  determined, 
not  on  the  basis  of  the  comparatively  imf)Overished  faunas  of  the 
Cobleskill  and  Manlius  of  New  York,  but  on  the  more  complete  and 
representative  assemblages  found  in  the  Keyser  farther  south. 

B.  In  favor  of  separation  of  the  Keyser  from  the  HeJderberg 
group,  and  of  its  reference  to  the  Sihtrian  system: — 

1.  The  Keyser  is  not  equiYalent  in  ,age  to  the  beds  included  in  the 
Helderberg  group  of  the  Helderberg  Mountain  area,  since  the  term 
was  revised  in  1899.  It  is  instead  the  correlate  of  beds  below  the  Hel- 
derberg  group  as  so  defined  (see  Table  XII). 

2.  The  Keyser  limestone  is  separated  from  the  Coeymans  limestone 
of  the  Helderberg  group  by  a widespread  diseonformity. 

3.  The  present  weight  of  evidence  favors  the  view  that  the  Keyser 
is  essentially  equivalent  to  the  Cobleskill-Manlius  beds  of  central  New 
York.  The  Silurian  age  of  the  latter  beds  has  never  directly  been 
questioned.  However,  the  importance  of  this  argument  is  reduced  by 
the  imperfections  of  the  faunas  of  the  New  York  formations.  ■ 

4.  The  Keyser  fauna  contains  significant  species  derived  from 
underlying  Silurian  beds.  These  include  Stenochisma  lamellata, 
“ Spirifer”  vannxemi,  and  Calymene  camerata  from  the  Tonoloway, 
Halysites  catemdatus  from  older  formations. 

5.  The  Keyser  fauna  contains  lOaily  a few  of  the  species  which  have 
'been  cited  in  support  of  the  Devonian  age  of  the  Helderberg  group. 

6.  The  occurrence  of  linking  species  in  both  the  Keyser  and  Hel- 
derberg faunas  is  not  conclusive  evidence  of  the  Devonian  age  of  both. 
They  do  show  that  the  hiatus  between  the  Kej^ser  and  Coeymans  was 
not  very  long  continued. 

In  view  of  the  observations  presented  above,  the  writer  believes 
it  desirable  to  separate  the  Keyser  limestone  from  the  Helderberg 
group,  and  has  tentatively  referred  the  Keyser  to  the  Silurian  sy.stem. 
Apparent  equivalence  to  the  Ooibleskill-Manlius  of  Ncav  York,  long 
regarded  a'S  Silurian  in  American  literature,  favors  this  classification  ; 
though  it  is  of  doubtful  value  for  comparison  with  European  sec- 
tions. , 

R.  M.  Allan  (1)  has  receutly  suggested  correlation  of  the  Keyser 
with  the  generally  non-marine  upper  Gedinnian  Oif  Avestern  Europe, 
on  the  basis  of  equivalence  of  the  faunas  of  the  Tonoloway  and  Hel- 
derberg with  those  'Of  the  lower  Gedinnian  and  Siegenian,  respec- 
tively. He  also  proposes  to  use  the  Maryland  sirccession  as  a standard 
for  the  late  Silurian  and  early  Devonian,  and  to  establish  the  base 
of  the  Devonian  arbitrarily  by  incoming  of  the  faunas  associated  with 
“ Spirifers”  of  the  cyclopterus-hyst ericas  type — that  is,  at  the  base  of 
the  iCoeymans  iu  Maryland,  and  of  the  Siegenian  in  western  Europe. 

' The  evidence  for  correlation  of  the  Tonoloway  “ ‘Spirifer’  vaniix- 
emi  fauna”  with  the  Gedinnian  “S.”  mercuri  fauna  seems  weak.* 
'The  Siegenian  may  include  beds  of  Helderberg  age;  though  Sehu- 

* For  recent  work  and  bibliographies  see,  for  the  Tonoloway,  C.  K.  Swartz  et  al.  ; for 
the  Gedinnian,  Barrois  et  ai.,  Asselberghs,  Fuchs  ; for  the  Siegenian,  Asseiberghs  and 
Leblanc,  Dahmer,  Maillieux,  also  Drevermann,  and  Scupin. 


I'hert  (179)  regarded  its  fauna  as  related  to  that  of  the  Oriskany, 
and  it  contains  in  the  upper  or  “ ‘8.’  hystericus  fauna”  such  post- 
Jleldeberg  reminders  as  Eodevdnaria,  Meganteris,  Athyris,  Tnapido- 
leptus.  the  multipliehte  “ Spirifer”  pellico,  and  large-museled  Stro- 
pheodonta  gigas.  Asselberghs  (A)  and  Maillieux  (I)  still  regard  the 
(ledinnian  ,as  basal  Devonian.  Further  light  is  needed  before  the 
clas.sifieation  and,  jnore  funda.me;ntally,  the  correlation  of  the  Keyser 
vith  horizons  of  the  classical  European  sections  can  be  regarded  as 
being  firmly  established. 

THE  HELDERBEKU  GROUP 

GENERAL  RELATIONS 

In  the  Helderberg  Mountain  area  in  New  York,  the.  Helderberg 
groii])  includes  the  following  formations,  listed  in  stratigraphic  order: 
Alsen  limestone,  cherty;  some  upper  beds  questionably  referred 
to  Port  Ewen  limestone 
Beeraft  limestone 
New  Scotland  shale  and  limestone 
Coeymans  limestone 

The  Helderberg  beds  continue  southward  along  the  outcrop  through 
Kingston  (Van  Ingen  and  Clarke,  215;  pp.  1187-1197)  and  Trilobite 
Mountain,  New  York  (Shinier,  192),  to  the  Nearpass  quarries,  New 
Jersey  (Weller,  223;  pp.  81-96).  In  this  distance,  there  is  not  much 
change  in  the  Coeymans,  New  Scotland,  and  Beeraft.  The  higher  beds, 
however,  undergo  important  modifications  (see  Table  XIII).  The  Al- 
sen  limestone  is  questionably  represented  near  Kingston,  and  is  un- 
known farther  south.  Both  the  Alsen  and  part  of  the  Beeraft  are  prob- 
ably displaced  laterally  by  at  least  a portion  of  the  Port  Ewen  forma- 
tion, which  is  more  argillaceous,  and  becomes  150  to  200  feet  thick  at 
Trilobite  Mountain.  At  Trilobite  Mountain  and  in  New  Jersey,  two 
zones  unknown  farther  north  are  intercalated  between  the  Port  Ewen 
formation  and  the  Spirifer”  murchisoni — “8.”  arenosus  zone  of  the 
typical  Oriskany.  These  are,  respectively,  the  Orhiculoidea  jervensis 
zone,  above,  and  the  Dahnanites  dentatus  zone,  below.  The  Orhicn- 
loidea  jervensis  fauna  has  uniformly  been  considered  Oriskany  in  age. 
The  Dalmanites  dentatus  zone  was  regarded  as  Helderbergian  by  both 
Clarke  and  Sehuchert  in  earlier  work  (69).  It  was  tentatively  included 
in  the  Oriskany  by  Weller,  though  he  pointed  out  its  important 
affinities  with  Helderberg  assemblages  (223).  Shimer  (192)  was  more 
strongly  convinced  that  the  D.  dentatus  beds  belong  in  the  Oriskany 
group,  and  both  the  D.  dentatus  and  Port  Ewen  beds  were  considered 
early  Oriskany  in  age  by  J.  M.  Clarke  in  1909  (64;  pp.  129-134).  The 
writer  prefers  to  regard  the  Port  Ewen  and  D.  dentatus  beds  as  part 
of  the  Helderberg  group,  because  of  their  faunal  relations  with  the 
“Beeraft”  limestone  of  Warren  Point.  Pennsylvania,  and  Monterey. 
^'irginia. 

The  Helderberg  formations  of  New  Jersey  extend  into  Monroe 
County  in  eastern  Pennsylvania.  The  Coeymans  and  early  part  of 
the  New  Scotland  are  closely  related  in  this  area  and  in  central  and 
southern  Pennsylvania.  The  relations  of  higher  beds  are  less  w'ell 
jjiarked,  and  are  not  so  clearly  understood  at  the  present  time.  Cor- 
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Chart  showing  most  plmisible  relationships,  at  present  state  of  knowledge,  of  UcUU  rhirg  and  Orisknng  h<ds  in  ,\iir 
Jersey,  eastern  and  central  Pennsylvania,  and  near  Cumberland,  Maryland.  F.  M.  Swartz,  Sipf. 
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relations  which  seem  most  plausible  with  existing  knowledge  are  indi- 
cated in  Tables  XIII  and  XIV.  To  a considerable  extent,  however, 
these  correlations  imist  be  considered  tentative,  and  not  fully 
established. 

The  features  and  relationships  of  the  Helderberg  deposits  of  Penn- 
sylvania will  be  presented  by  discussion  in  turn  of  the  characters  and 
correlation  of  the  Coeymans,  New  Scotland,  Becraft,  Port  Ewen, 
Mandata,  and  Licking  Creek  formations. 

THE  COEYMANS  LIMESTONE 

General  relations.  Near  the  town  of  Coeymans,  Albany  County, 
New  York,  from  which  it  receives  its  name,  the  Coeymans  limestone 
is  about  50  feet  thick.  It  is  very  thick-bedded  and  finely  to  coarsely 
crystalline.  It  is  underlain  by  the  Manlius  limestone,  containing 
“Sinrifer”  vanuxemi  and  Tentaculites  gyracanthus.  It  is  overlain 
by  the  Kalkberg  member  of  the  New  Scotland  formation,  in  which 
the  rich  Eospirifer  macropleurus  fauna  is  introduced.  Since  1899, 
the  Coeymans  limestone  has  been  considered  by  New  York  geologists 
to  be  the  base  of  the  Helderberg  group  and  of  the  Devonian  system. 

Distribution.  The  Coeymans  formation  is  persistent  in  Penn- 
sylvania along  virtually  all  the  outcrop  belts  shown  in  Figure  7.  It 
has  not,  however,  been  observed  in  Schuylkill  County,  nor,  by  the 
writer,  in  the  small  anticlinal  belts  near  Dalmatia  in  the  southern 
part  of  Northumberland.  It  has  not  been  seen  in  place  in  Perrw 
County,  but  its  fauna  occurs  with  loose  chert  at  the  proper  horizon 
at  Clarks  Mill. 

As  in  the  ease  of  the  other  Helderberg  beds  and  of  the  Keyser,  its 
absence  from  Schuylkill  County  into  Perry  is  believed  to  be  due  to 
an  unconformity  locally  complicated  by  faulting. 

Members  and  lithologic  features.  Throughout  most  of  the  areas 
where  it  crops  out  in  Pennsylvania,  the  Coeymans  maintains  the 
lithologic  features  that  characterize  it  in  New  York.  That  is  to  say, 
it  is  dominantly  thick-bedded,  gray,  crystalline,  and  somewhat  crin- 
oidal.  (See  figures  8A,  9A,  17.)  It  also  exhibits  these  characters  in 
most  of  the  areas  where  it  is  known  in  Maryland  and  the  Virginias. 
The  continuance  of  these  lithologic  characters  over  so  large  an  area, 
and  indeed  the  wide  lateral  persistence  of  so  thin  a formation,  are 
remarkable  facts. 

In  three  more  or  less  distinct  areas  in  Pennsylvania,  the  Coeymans 
becomes  very  arenaceous,  and  grades  in  part  into  calcareous  sand- 
stones. These  areas  are  (1)  Monroe  and  Carbon  County  in  eastern 
Pennsylvania;  (2)  Montour  County;  (8)  the  southwest  tip  of  Frank- 
lin County.  (See  Figure  17.) 

At  the  Neai’pass  quarries  in  New  Jersey,  the  Coeymans  contains 
no  appreciable  amount  of  sand.  In  eastern  Monroe  County,  Pennsyl- 
vania, 8 to  10  feet  of  calcareous  sandstone  occur  at  the  top  of 
the  Coeymans.  I.  C.  White  (228)  named  this  sandstone  the 
Stormville  conglomerate,  from  exposures  at  that  village  about  8 
miles  southwest  of  Stroudsburg,  where  the  sandstone  is  pebbly  and 
ll^  feet  thick,  according  to  White’s  measurements.  White,  also 
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reported  saud  and  some  pebbles  in  parts  of  the  30  feet  of  limestone 
underlying  the  main  body  of  pebbly  sandstone  at  Stormville. 

AVliite  applied  the  name  Stormville  not  only  to  this  sandstone,  but 
also  to  underlying  limestones  and  overlying  shales  of  diverse  ages. 
The  name  consequently  must  be  modified  or  discarded.  In  the  writer’s 
opinion,  the  name  will  be  useful  and  appropriate  if  restricted  to  the 
above  described  sandstone  member  of  the  Coeymans. 

In  view  of  the  progressive  increase  in  the  Stormville  member  from 
New  Jersey  into  Monroe  County,  and  of  a corresponding  appearance 
of  sand  and  pebbles  in  the  Oriskany  beds,  AVhite  concluded  that  the 
sandstones  continue  to  thicken  and  to  displace  intervening  beds  toward 
the  southeast,  and  that  they  combine  to  form  about  300  feet  of 
“Oriskany”  beds  near  Palmerton,  in  Carbon  County.  He  was  inclined 
to  consider  the  base  of  the  upper  (=Palmerton)  sandstone  of  this 
“Oriskany”  as  the  equivalent  of  the  Stormville  sandstone  horizon  in 
Monroe  County. 

C.  K.  Swartz  and  the  writer  have  recently  shown  (206)  that  this 
correlation  is  incorrect  in  important  features.  The  relations  of  the 
sandstone  beds  seen  in  the  Prince  Company  ore  tunnel  near  Palmer- 
ton,  and  in  surface  exposures,  to  beds  near  Stroudsburg  are  illustrated 
in  the  following  tabulation  (See  Figure  17)  : 


Prince  Company  ore  tunnel.  Section  on  north  side  of  Brod- 
Carhon  County,  Pennsylvania  head  Creek,  Monroe  Co., 

Pennsylvania 


White’s 
“Oriskany” 
sandstone 
and  shale 
of  the 
Palmerton 
area 


Onondag-a  beds  Onondaga  beds 


' Palmerton  sandstone,  145  feet  ( 
Bowmanstown  chert,  60  feet  j' 

Oriskany  conglomerate  and 
sandstone,  25  feet 

New  Scotland  cherts,  40  feet 


Esopus  shale 

Oriskany  sandy  limestone 
and  shale,  115  feet 

Port  Ewen,  Becraft  (?),  and 
New  Scotland  shale  and 
some  limestone,  225  feet 


Coeymans  beds ; Stormville  Coeymans  limestone.  Storm- 
sandstone  and  sandy  resid-  ville  sandstone  member  at 
ual  clay,  50  (?)  feet  lop>  80  feet 


Sandstone  colored  red  and 
shale,  ])robably  upper  Key- 
ser,  :10  feet 

Decker  sandstone  member  of 
Keyser,  65  feet 

Bossardville  limestone 


Keyser  limestone : Manlius 
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Decker  sandstone  mem- 
bers : 140  feet 


Bossardville  limestone 


Fossils  have  not  been  found  in  the  supposed  Coeymans  beds  of  the 
ore  tunnel.  They  are  referred  to  the  Coeymans  on  the  basis  of  their 
stratigraphic  relations. 

White  (229)  also  reported  Stormville  sandstone  at  the  old  Grove 
Brothers  quarry  in  Montour  County,  about  70  miles  northwest  of 
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Palmerton,  and  at  Emerich  and  Lebo’s  quarry  east  of  Dalmatia.  The 
Coeymans  age  of  the  sandstone  in  Montour  County  was  shown  by 
Reeside  (167),  who  found  Gypidida  coeymanensis  in  it.  The  supposed 
Stormville  near  Dalmatia  needs  confirmation ; the  Coeymans  inter- 
val, not  more  than  6 feet  thick,  is  concealed  in  the  sections  examined 
in  that  area  by  the  writer. 

Ten  feet  of  sandstone  occur  at  the  base  of  the  fine  Helderberg 
section  near  AVarren  Point,  Franklin  County,  which  was  first  described 
by  R.  B.  RoAve.  The  Coeymans  age  of  this  sandstone  was  first  recog- 
nized by  C.  K.  SAvartz,  avIio  found  G.  coeymanensis  in  it  in  exposures 
along  ElboAv  Ridge,  south  of  the  AVarren  Point  section.  The  sand- 
stone at  AVarren  Point  represents,  in  a general  Avay  at  least, 
the  same  sandy  phase  AAdiich  is  seen  in  eastern  PennsylA^ania,  and 
which  accumulated  along  the  southeastern  margin  of  the  old 
Coejunans  seaAvay.  xA.ctual  physical  continuity  of  the  sandstone  from 
eastern  Pennsyh'ania  to  Franklin  County  is  perhaps  not  Avell  estab- 
lished ; it  is  clear,  liOAA'eA^er,  that  the  seaAA^ay  extended  from  eastern 
NeAv  York  across  northeastern  and  central  Pennsylvania  into  Avest- 
ern  Maryland,  and  there  seems  to  be  no  reason  to  doubt  that  it 
had  a continuous  southeastern  shore  from  eastern  PennsylA'ania  to 
Maryland. 

Boundaries.  The  Keyser-Coeymans  contact  has  been  discussed  in 
the  chapter  describing  the  Keyser  limestone.  It  is  sharply  marked 
and  clearly  disconformable,  at  least  through  central  Pennsylvania. 

In  Monroe  County,  eastern  PennsylA^ania,  the  change  from  the 
calcareous  Stormville  sandstone  member  to  the  limestones  at  the  base 
of  the  New  Scotland  is  comparatively  sharp.  In  Perry  County,  and 
the  Dalmatia  area  of  Northumberland  County,  the  Coeymans  beds 
have  not  been  observed  in  place,  at  least  by  the  writer,  and  the  con- 
tact is  therefore  unknown. 

The  boundary  between  the  Coeymans  and  New  Scotland  generally 
appears  to  be  transitional,  hoAvever.  In  central  Pennsylvania  its 
position  is  often  someAAdiat  questionable.  The  NeAv  Scotland  beds  are 
commonly  more  cherty  and  of  finer  texture  than  the  Coeymans  lime- 
stone, but  the  change  is  usually  not  abrupt.  At  Hollidaysburg,  Paint- 
erville,  and  some  other  localities,  shaly  beds  Avhich  occur  above  the 
thick-bedded  Coeymans,  do  not  contain  Gypidula  coeymanensis,  and 
have  been  placed  in  the  NeAv  Scotland.  At  Curtin  there  seems  to  be 
no  lithologic  boundary  betAveen  the  Coeymans  and  NeAV  Scotland  beds. 
Near  AVarfordsburg,  the  thick-bedded,  chert-poor  limestones  included 
in  the  Coeymans  do  not  contain  G.  coeymmiensis  in  the  upper  3 or 
4 feet.  Instead  Meristella  arcuata  is  especially  abundant,  as  it 
is  in  the  next  higher,  chert-rich  limestones  included  in  the  NeAV  Scot- 
land. Eospirifer  macropleurus  appears  a little  above  the  base  of  the 
chert-rich  beds,  then  becomes  one  of  the  commonest  species.  On  a 
strictly  faunal  basis  the  top  of  the  Coeymans  could  be  placed  at 
the  top  of  the  range  of  the  gypidnlas,  seA^ral  feet  beloAv  the  horizon 
where  the  cherts  become  dominant,  and  which  is  here  used  as  the 
formational  boundary. 
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Thiclnicss.  The  Coeyinans  limestone  thins  from  around  50  to  60 
feet  in  the  Helderberg  Mountain  area  to  40  feet  at  the  Nearpass 
quarries  in  New  Jersey.  It  then  increases  in  Monroe  County,  eastern 
Pennsylvania,  to  its  maximum  known  thickness  of  nearly  80  feet. 
It  thins  to  50  or  possibly  40  feet  near  Palmerton,  Carbon  County; 
then  disapj^ears,  as  has  been  pointed  out,  along  the  outcrop  of  its 
horizon  across  most  of  tSchuylkill  and  through  Lebanon  and  Dauphin 
counties  into  Perry  County. 

Throughout  most  of  central  and  south-central  Pennsylvania,  it 
ranges  from  0 to  10  feet  thick.  Toward  the  north,  it  increases 
to  about  11  feet  }iear  Jersey  Shore  in  Lycoming  County.  It  reaches 
its  maximum  known  thickness  for  central  and  south-central  Penn- 
sylvania near  M^arfordsburg,  Pulton  County,  where  it  measures  20  to 
24  feet. 

South  of  Pennsylvania,  the  Coeymans  is  50  to  55  feet  thick  near 
Monterey,  A'irginia,  then  disappears  by  unconformity  in  the  south- 
western part  of  that  State. 

Economic  value.  The  Coeymans  limestone  is  generally  satisfactory 
tor  agricultural  lime  and  road  metal  (147,  148),  and  at  places  could 
be  used  for  building  stone.  Where  it  is  only  a few  feet  thick,  it  can 
not  be  worked  as  a rule  except  wdth  the  underlying  limestones.  In 
Monroe  County,  where  it  is  thickest,  it  is  distinctly  arenaceous. 

Fauna.  The  Coejanans  limestone  and  sandstone  members  are  per- 
sistenth-  characterized  by  Gypidula  coeymanensis.  The  limestone  beds 
contain  layers  that  are  largely  composed  of  the  valves  of  this  species. 
<1.  coeymanensis  has  been  observed  at  virtually  all  exposures  of  the 
Coeymans.  Good  specimens  can  be  distinguished  from  the  middle 
Keyser  G.  prognosiica  by  the  higher,  narrower  and  more  numerous 
plications. 

Si)ecies  commonly  present  in  association  with  G.  coeymanensis 
include  : Favosites  helclcrhergiae,  Ehipidomella  ohlata,  Lepiatena  rhom- 
hoidalis,  Ftropheodonta  varistriuia,  Strophonella  punctulifera,  Atrypa 
reticularis.  Less  frequent  are : Leptostrophia  planulata,  Strophonella 
leavenworthana,  Scliuckertella  woolwortha\n,a,  “ SpiHfer”  cyclopterus, 
Fhacops  logani,  iJahnaoiitcs  micrurus.  Meristella  arcuaia  is  profuse 
at  the  top  of  the  beds  included  in  the  Coeymans  near  Warfordsburg, 
though  above  the  range  of  G.  coeymanensis.  Isorthis  perelegans  oc- 
curs in  a similar  position  at  AVarren  Point.  It  has  been  reported 
with  G.  coeymanensis  at  some  localities;  but  unquestioned  specimens 
have  not  been  observed  with  the  latter  species  by  the  writer. 

Correlation  with  New  York,  Maryland,  and  the  Vtrgini-as.  By  vir- 
tue of  its  lithology,  stratigraphic  position,  and  especially  of  its  fauna, 
the  Coeymans  limestone  of  Pennsylvania  is  clearly  equivalent,  within 
]iarri)w 'limits,  to  the  Coeymans  of  New  Jersey  and  eastern  New  York, 
to  the  northeast;  and  to  that  of  western  Maryland  and  the  Appa- 
lachian Ridge  and  A^alley  region  of  the  A^irginias,  to  the  southwest. 
It  is  continuous  along  the  outcrop  from  eastern  Pennsylvania  into  the 
first  of  these  areas;  from  central  Pennsylvania  into  the  second. 
Furthermore,  there  is  every  reason  to  believe  that  the  Coeymans 
extends  from  central  Pennsylvania  into  the  New  York  area,  below  the 


KL:vsi!:i;'  and  ii i^i.di^kmiak; 


•j.) 


cover  of  Devono-Carboniferous  rocks  seen  at  the  surface  in  north- 
eastern Pennsylvania  and  south-central  New  York.  Tt  seems  equally 
clear  that  these  areas  were  parts  of  a continuous  basin  of  marine  sedi- 
mentation during  Coejunans  time. 

Correlation  with  Gaspe  and  western.  Tennessee.  It  is  highly  prob 
able  that  the  Coeymans  sea  of  the  middle  Appalachian  region  also 
extended  northward  to  the  Gulf  of  Saint  Lawrence,  and  southwest- 
ward  to  western  Tennessee.  According  to  Clarke  (64),  the  fauna  of 
the  Saint  Albans  beds  of  the  Gaspe  region  contains  numerous  Helder- 
bergian  species,  including  “ Sieherella  galeata,”  identified  by  Clarke 
with  the  Coeymans  species  which  was  later  named  Gypidula  coeyman- 
ensis  by  Sehuehert.  The  Olive  Hill  formation  of  we.stern  Tennes- 
see contains  a very  characteristic  Coeymans  fauna,  according  to 
Dunbar  (83). 

The  Saint  Albans  contains  such  species  as  Levenea  subcarinata, 
Lepiostrophia  beckii,  Spirifer”  perlaniellosus,  and  Atrypina  iin- 
bricata,  which  are  more  suggestive  of  the  New  Scotland  than  of  the 
Coeymans.  Eospirifer  macropleur^is  was  not  observed  by  Clarke. 
The  ranges  of  the  species  in  the  Saint  Albans  were  not  determined. 
The  formation  may  well  represent  parts  of  both  the  Coeymans  and 
New  Scotland  farther  south. 

It  is  probable  that  the  Coeymans  seas  had  some  oceanic  connection 
leading  southward  through  the  area  of  deposition  of  the  Olive  Hill  in 
Tennessee.  The  increased  circulation  resulting  from  opening  of  the 
Coeymans  seas  both  to  the  north  and  south  may  have  been  a factor 
that  helped  to  produce  the  relative  uniformity  of  the  Coeymans  sedi- 
ments and  faunas  in  the  middle  Appalachian  area ; probably  com- 
bined with  low  altitude  of  the  adjacent  land,  so  that  little  alluvial 
material  was  carried  into  the  trough. 

THE  NEW  SCOTLAND  FORMATION 

General  relations. — The  type  New  Scotland  of  eastern  New  York 
consists  of  calcareous  shale  and  impure  limestone  and  some  chert, 
above,  and  cherty  limestone,  at  the  base.  The  cherty  limestone  was 
named  Kalkberg  limestone  by  Chadwick  in  1908  (43),  and  was  con- 
sidered by  him  a distinct  formation.  iMore  I’ecently  Goldiung  (105) 
has  considered  it  a member  of  the  New  Scotland.  The  New  Scotland 
lies  between  purer  Coeymans  limestone  below,  and  Beci’aft  limestone 
above.  It  contains  a large  fauna,  characterized  especially  by 
Eospirifer  macropleurus.  Both  E.  macroplenrus  and  Gypidula 
coeymanensis  have  been  reported  from  the  Kalkberg  member. 

Distribution. — Beds  of  New  Scotland  age  are  believed  to  extend 
along  all  the  outcrop  belts  shown  in  Figure  7 ; except  that  they  have 
not  been  observed  near  the  end  of  the  line  entering  Schuylkill  County 
from  the  east. 

Members  and  lithologic  f eatures.—lw  pai'ts  of  Monroe  County, 
eastern  Pennsylvania,  the  New  Scotland  is  similar  to  that  of  eastern 
New  York.  It  is  largely  composed  of  somewdiat  calcareous,  fossilifer- 
ous  shale.  At  the  base  is  impure  siliceous  and  argillaceous  limestone. 
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which  contains  a good  deal  of  interbedded  dark  chert  and  corresponds 
in  position  to  tlie  Kalkberg'  member  in  the  Hudson  River  valley.  As 
seen  on  Brodhead  Creek,  these  Kalkberg  beds  are  very  suggestive  of 
parts  of  the  Port  Ewen  near  Kingston,  New  York.  They  contain 
nodular  masses  of  purer  limestone,  Aveathering  gray,  embedded  in  a 
more  impure  limestone,  Avhieh  Aveathers  broAAui  (see  Figure  11). 

In  the  “AA'hite  clay”  ciuarries  near  KunkletoAvn  (Figure  13),  and 
in  the  Prince  Company  ore  tunnel  near  Palmerton,  the  New  Scotland 
is  seen  as  more  or  less  solid,  bedded  chert,  AAdiieh  is  Aveathered  Avhite, 
together  Avith  residual  fine  grained,  siliceous,  clayey  material.  These 
cherts  have  been  found  at  Andreas,  near  the  Schuylkill-Carbon 
County  line,  by  C.  K.  SA\mrtz;  but  have  not  been  observed  in  Schuyl- 
kill County  Avest  of  this  point. 


Photograph  hy  A.  B.  Cleaves 

Figure  11.  Cherty  limestone  or  Kalkberg  member,  loMer  part  of  New  Scot- 
land, showing  large  nodules  of  limestone,  weathering  gray,  embedded  in 
more  impure  limestone,  weathering  brown.  Tbe  chert  layers  and  nodules 
are  dark  and  inconspicuous.  Section  on  north  side  of  Brodhead  Creek,  near 
Minisink  Mills,  Monroe  County  (See  also  Figure  26). 

In  central  Pennsylvania,  elierty  limestone  beds  containing  Eospi- 
rifer  macropleurus  form  a distinct  lithologic  unit  and  are  A'ery  persis- 
tent. For  reasons  Avhich  are  discussed  later  in  this  paper,  the  name 
New  Scotland  is  provisionally  used  in  central  Pennsylvania  only  for 
these  cherty  limestones  and  a sandstone  equivalent.  Eospirifer  macro- 
pleurus also  occurs,  hoAA^ever,  in  some  areas  in  the  loAA^er  part  of  the 
next  OA'erlying  Mandata  shale  and  chert.  (See  Figure  17.) 

As  used  in  this  sense,  the  NeAv  Scotland  of  central  Pennsylvania 
cansists  of  finely  crystalline  gray  limestone  and  interbedded  chert, 
commonly  in  layers  2 to  4 or  6 inches  thick.  These  cherts  are  gray 
to  black  Avhen  fresh,  but  tend  to  Aveather  Avhite  AA’hile  still  quite 
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solid.  At  Hollidaysburg  and  near  Bedford,  on  the  west,  1 foot  of 
calcareous  shale  occurs  at  the  base  of  the  cherty  limestone.  At  Paint- 
erville  and  Lewistown,  in  Mifflin  County,  the  solid  cherty  limestone 
is  underlain  by  about  4 feet  of  shaly  limestone,  with  6-inch  nodules 
of  purer  limestone.  This  impure  limestone  is  included  in  the  New 
Scotland,  but  may  prove  to  belong  in  the  Coeymans. 


Figure  12.  Sketch  map  illustrating  known  variations  in  thickness  of  Eo- 
spirifer  macropleurus  beds  in  New  York,  Pennsylvania,  Maryland,  and  parts 
of  the  Virginias.  In  New  York,  New  Jersey  and  Monroe  County  these  beds 
include  the  New  Scotland  shaly  limestone  and  cherty  Kalkberg  member; 
in  central  Pennsylvania  the  New  Scotland  limestone  plus  the  E.  macropleurus- 
bearing  beds  of  the  Mandata  shale  and  chert;  in  the  Virginias  the  New 
Scotland  limestone  and  Healing  Spring  sandstone  member.  Isopachous 

interval  twenty-five  feet. 

At  Clarks  Mill  and  Falling  Springs,  Perry  County,  the  cherty  lime- 
stone is  displaced  by  medium-bedded  solid  calcareous  sandstone.  This 
sandstone  is  best  seen  at  the  second  locality,  and  is  consequently 
here  named  Palling  Springs  sandstone  member  of  the  New  Scotland. 

Boundaries.  The  contact  of  the  New  Scotland  with  the  underlying 
Stormville  sandstone  of  the  Coeymans  of  eastern  Monroe  County  is 
well  defined,  as  has  been  described.  The  contact  with  the  Coeymans  of 
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(■eutral  Pennsylvania  generally  appears  to  he  transitional,  and  its 
exact  position  is  sometimes  questionable. 

The  beds  here  described  under  the  name  New  Scotland  are  over- 
lain  in  eastern  Monroe  County  by  Becraft  limestone ; in  Carbon 
County  by  sandstone  of  probable  Oriskany  age ; in  central  Pennsyl- 
vania by  Mandata  shale  and  chert.  The  upper  contact  in  Monroe  and 
Carbon  counties  is  not  well  exposed  nor  fully  understood.  In  central 
Pennsylvania,  the  change  from  New  Scotland  limestone  to  Mandata 
shale  and  chert  can  usually  be  located  within  a few  inches,  but  exhibits 
no  evidence  of  unconformity. 

Thickness.  The  New  Scotland  shale  and  limestone  is  160  feet  thick 
at  the  Nearpass  quarries,  New  Jersey,  according  to  the  measurements 
of  Weller.  It  includes  at  the  base  20  feet  of  cherty  limestone,  refer- 
able to  the  Kalkberg  member.  It  thins  to  80  feet  in  eastern  Monroe 
County,  including  25  to  30  feet  of  Kalkberg  beds.  The  New  Scot- 
land cherts  are  only  40  feet  thick  in  the  ore  tunnel  near  Palnierton. 
In  the  writer’s  opinion  they  disappear  by  diseonformity  in  the  Auburn 
region  in  Schuylkill  County. 

Throughout  central  Pennsylvania,  the  cherty  New  Scotland  lime- 
stone varies  from  about  10  to  30  feet  where  it  has  been  studied  and 
exposures  are  satisfactory. 

As  has  been  pointed  out,  part  of  the  Mandata  shale  and  chert  con- 
tains a typical  New  Scotland  Eospirifei'  macropleurus  fauna.  For  the 
purpose  of  illustrating  the  variations  in  thickness  of  beds  of  New 
Scotland  age,  the  E.  macropleurus  bearing  strata  of  the  Mandata 
have  been  included  with  the  New  Scotland  limestones  of  central  Penn- 
sylvania, in  the  accompanying  isopachous  map  (Figure  12). 

The  writer  hopes  it  will  be  realized  that  the  data  used  for  this  and 
other  accompanying  isopachous  maps  are  not  yet  sufficient  to  pro- 
vide a detailed  picture  of  the  thicknesses  of  the  formations.  The  maps 
are  intended  to  present  only  a very  general  picture  of  the  main  axes 
and  basins  of  deposition.  Furthermore,  they  represent  the  amount  of 
deposition,  not  necessarily  the  relative  depth  of  water.  In  general 
the  thickest  deposits  will  tend  to  lie  along  the  main  channels  of  sub- 
mergence, since  these  beds  do  not  seem  to  include  important  deltaic 
deposits,  and  the  basins  were  compai’atively  narrow.  Nevertheless, 
the  rate  of  deposition  may  have  varied  considerably  from  one  place 
to  another. 

Economic  value.  The  New  Scotland  cherts  are  deeply  weathered 
where  exposed  along  Chestnut  Kidge,  near  Kunkletown,  Monroe 
County.  The  residual  white  clay  is  being  quarried  extensively  by  the 
Universal  Atlas  Cement  Company  (134).  Similar  white  clays  near 
Saylorsburg  are  believed  to  have  been  formed  from  the  younger  Bow- 
manstown  chert. 

In  central  Pennsylvania,  the  cherty  New  Scotland  limestone  is  too 
siliceous  to  be  of  value  for  agricultural  lime.  It  is,  however,  quarried 
at  some  places  along  with  underlying  beds. 

Fauna.  Eospirifer  macropleurus  is  persistent  throughout  the  New 
Scotland  beds  (see  plates  of  fossils).  In  eastern  Pennsylvania,  it  is 
common  in  the  lower  Kalkberg  limestone  member,  and  somewhat  more 
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Figure  13.  Views  of  white  clay  quarries  of  Universal  Atlas  Cement 
Company,  one-half  mile  south  and  four  miles  east  of  Kunkletown, 
Monroe  County,  Pennsylvania.  The  clay  is  residual  from  weathering 
of  cherty  beds  of  the  New  Scotland  and  possibly  of  the  Port  Ewen. 
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abundant  in  the  overlying  calcareous  shales;  at  least  where  these  are 
seen  in  fine  exposures  along  the  bank  of  the  Dela^vare  River  at  Wall- 
pack  Bend.  It  has  been  found  by  C.  K.  Swartz  in  the  New  Scotland 
cherts  at  Andreas,  in  Schuylkill  County  near  the  Carbon  County  line. 
It  is  more  or  less  abundant  through  the  cherty  New  Scotland  limestone 
in  central  Pennsylvania,  but  frequently  makes  its  first  appearance  sev- 
eral feet  above  the  base  of  these  beds.  It  occurs  in  at  least  the  upper 
part  of  the  Falling  Springs  sandstone  member  in  Perry  County. 

Other  common  species  include  Rhipidomella  ohlata,  Isorthis  pere- 
legans,  Lepiaena  rhoml)oidalis,  Leptostrophia,  planulata,  L.  heckii, 
Strophonella  punctulifera,  Schuchertella  tooolworthana,  Eatonia 
medialis,  “ Spiriper”  ciiclopterus,  “8.”  perUimellosus,  Meristella-  arcu- 
ata,  Anoplothem  conoava,  Phaoops  logconi.  Also  present  are  unidenti- 
fied bryozoa,  Levenea  subcarinata,  Strophonella  leavenworthayia, 
Chonostrophia  helderhergme,  Uncinulus  ahruptus,  Trematospira 
muUistriata. 

Correlation  with  Neiv  Jersey  and  Neiv  York.  Because  of  its  litho- 
logic characters,  including  division  into  calcareous  shale,  above,  and 
cherty  limestone  below ; its  relations  to  the  adjacent  Coeymans  and 
Beeraft  limestones ; and  especially  because  of  the  occurrence  of 
Eospirifer  ynacropleurus  in  abundance,  together  with  numerous  other 
Helderbergian  species,  the  New  Scotland  of  eastern  Monroe  County 
is  clearly  the  southerly  extension  of  the  New  Scotland  of  New  Jersey 
and  eastern  New  York.  E.  macropleurus,  it  is  true,  is  reported  to 
occur  rarely  in  the  post-Becraft  Alsen  limestone  and  Port  Ewen  beds 
of  the  Hudson  River  valley.  Nevertheless,  the  abundance  of  this 
species  in  the  New  Scotland  appears  to  be  significant. 

The  lower  cherty  limestone  or  Kalkberg  member  in  eastern  Monroe 
contains  no  Gypidida  coeymanensis,  so  far  as  known.  Its  base  is 
probably  younger  than  the  base  of  the  Kalkberg  member  at  the  type 
area  near  Catskill,  New  York.  G.  coeymanensis  is  not  known  in  the 
similar  cherty  limestones  in  New  Jersey  and  at  Trilobite  Mountain, 
New  York.  Bilobites  varicus  occurs  in  the  cherty  limestone  at  the 
latter  localities,  and  is  abundant  in  the  Kalkberg  at  Catskill ; but  it 
was  not  observed  in  the  Kalkberg  beds  in  Monroe  County. 

The  cherty  New  Scotland  limestone  of  central  Pennsylvania  cor- 
responds more  closely  in  lithology  to  the  Kalkberg  beds  in  eastern 
New  York,  than  to  the  main  body  of  the  New  Scotland  of  that  area. 
Furthermore,  at  Mandata,  southern  Northumberland  County,  the 
lower  half  of  the  overlying  Mandata  shale  and  chert  contains  a typical 
Eospirifer  macroplenrus  fauna.  In  the  future  it  may  prove  possible 
to  separate  the  E.  macropleurus  beds  of  the  Mandata,  and  include 
them  in  the  New  Scotland,  to  which  they  clearly  correspond  in  age. 
The  underlying  cherty  limestone  could  then  be  referred  to  the  Kalk- 
berg member,  at  least  near  Mandata. 

.Ill  west  and  south-central  Pennsylvania,  E.  macropleurus  is  persis- 
tent and  abundant  in  the  cherty  New  Scotland  limestone,  and  is 
unknown  in  the  overlying  shale  beds.  The  top  of  the  cherty  limestone 
may  be  younger  here  than  at  Mandata,  and  may  correspond  more 
closely  in  age  to  the  top  of  the  New  Scotland  in  New  York. 
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Figure  14.  A.  Upper  part  of  Port  Ewen  formation,  showing  hollows 
left  by  solution  of  nodules  of  purer  limestone.  West  Shore  Railroad, 
about  1,500  feet  south  of  Wilbur  Bridge,  south  of  Kingston,  New 

York. 


Photograph  hy  A.  B.  Cleaves 


B.  Contact  between  Oriskany  (Connelly)  conglomerate,  to  right  of 
hammer.  Port  Ewen  beds  to  left.  West  Shore  Railroad  about  1,500 
feet  south  of  Wilbur  Bridge,  New  York. 
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Correlation  with  Maryland  and.  the  Virginias.  The  eherty  New 
Scotland  limestone  of  soutli-eentral  I’ennsylvania  continues  southward 
through  Maryland  into  the  Virginias.  In  these  areas  Eospirifer 
macroplenrus  is  also  persistejit,  and  is  not  known  in  the  next  over- 
lying  Imds. 

Correlation  with  other  areas.  The  Saint  Albans  beds  of  the 
Gaspe  region,  eastern  Quebec,  contain  many  New  Scotland  species. 
They  may  in  part  correspond  to  the  New  Scotland  of  the  middle 
-Vppalachian  region ; but  doubt  is  thrown  on  this  correlation  by  the 
absence  of  Eospirifer  macroplenrus. 

Distinctive  New  Scotland  faunas  have  been  reported  by  Dunbar 
(h;1)  from  the  Birdsong  shale  of  western  Tennessee,  and  by  Reed 
from  the  Haragan  marl  of  Oklahoma.  It  is  reasonably  clear  that  the 
New  Scotland  seaway  reached  southward  from  eastern  New  York, 
through  central  Pennsy-lvania,  western  Maryland,  and  the  Monterey 
area  in  west-central  Virginia,  to  western  Tennessee.  It  probably  then 
continued  southward  to  form  an  oceanic  connection. 

THE  BECRAFT  LIMESTONE  AND  PORT  EWEN  SHALE  OF 

MONROE  COUNTY 

Ceneral  relations.  At  Becraft  Moiintain,  opposite  Catskill,  New 
York,  the  New  Scotland  beds  are  overlain  by  Becraft  limestone,  45 
feet  thick,  and  consisting  of  light  gray,  crystalline,  in  part  erinoidal 
beds.  Above  the  Becraft  are  25  feet  of  impure  eherty  Alsen  limestone, 
capped  by  Oriskany  beds. 

The  Becraft  continues  southward  to  Kingston,  where  it  is  35  feet 
thick,  and  into  New  Jersey,  Avhere  it  is  15  to  20  feet  thick.  The 
Alsen  beds  disappear  southward,  being  displaced  by  Port  Ewen 
beds  Avhich  become  about  150  feet  thick  in  the  type  section  along  the 
West  Shore  Railroad  near  Kingston  (see  Figure  14A,  B),  and  about 
200  feet  near  the  New  York-New  Jersey  boundary.  To  what  extent 
the  Port  Ewen  is  younger  than  the  Alsen  is  unknown;  the  basal 
part  of  the  Port  Ewen  near  Kingston  is  regarded  by  some  authors 
as  Alsen. 

Distrihution.  In  Pennsylvania,  Becraft  limestone  and  Port  Ewen 
shale  occur  as  units  to  which  these  names  can  be  applied  only  in 
the  eastern  part  of  Monroe  County.  The  Mandata  shale  and  Licking 
Creek  limestone  of  central  and  south-central  Pennsylvania  are  par- 
tially of  these  ages,  as  will  be  brought  out  in  subsequent  discussion. 

lAthologic  character  and  thichness.  Qn  the  AValpack  bend  of  the 
Delaware  River,  at  the  eastern  tij)  of  Monroe  County,  the  New  Scot- 
land shales  are  overlain  by  20  feet  of  thick-bedded,  finely  crystalline 
blue  limestone,  here  regarded  as  the  Becraft.  At  Brodhead  Creek, 
10  miles  farther  southwest,  14  feet  of  impure  limestone,  occurring 
near  the  same  position,  are  more  questionably  referred  to  the  Becraft. 

Ash-gray  shale,  evidently  Port  Ewen  in  age,  occurs  above  the  Be- 
rraft  limestone  at  AValpack  Bend  and  Brodhead  Creek  (see  Figures 
17,  26).  It  is  aboiit  150  feet  thick  at  the  first  locality,  where  the 
position  of  its  top  is  uncertain;  about  135  feet  thick  at  the  second 
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place.  The  shale  breaks  obliquely  across  tlie  bedding-,  so  that  it  is 
difficult  to  obtain  strikes  and  dips. 

The  Becraft  and  Port  Ewen  beds  disappear  along  the  line  of  out- 
crop to  the  southwest,  at  least  in  the  form  seen  in  eastern  iMonroe 
County.  They  maj’  be  represented  in  some  small  part  in  the  upper 
portion  of  the  40  feet  of  chert,  here  classed  as  Xew  Scotland,  in  the 
sections  near  Kunkletown  and  Palmerton.  (See  Figure  17.) 

From  recent  studies  it  is  clear  that  beds  of  Port  Ewen,  and  less 
certainly  of  Becraft  age  continue  westward  from  their  outcrop  in 
Xew  York;  extending  beneath  the  younger  sediments  of  northeastern 
Pennsylvania  and  into  central  Pennsylvania,  where  they  are  repre- 
sented by  part  of  the  Maxidata  shale  and  chert.  The  Licking  Creek 
limestone,  of  late  Helderberg  age,  appears  near  AVarren  Point  along 


Figure  15.  Sketch  map  illustrating  kiiOMn  variations  in  thickness  in  Penn- 
sylvania and  New  York  of  Helderberg  beds  above  the  New  Scotland  Eospirifer 
macropleurus  beds.  Toward  the  northeast,  these  beds  include  the  Becraft. 
Alsen,  and  Port  Ewen,  plus  the  Dalmanites  dentatus  beds,  about  thirty  feet 
thick,  in  New  Jersey.  In  central  Pennsylvania,  the  beds  are  represented  by 
parts  of  the  Mandata  shale  and  chert,  the  Eospirifer  macropleurus  beds  of 
this  formation  being  omitted;  from  Warren  Point,  near  the  Maryland  line, 
south  to  Clifton  Forge  area  of  Virginia,  the  thicknesses  are  based  on  Man- 
data  (?)  shale  and  chert,  and  the  Licking  Creek  limestone.  Isopachous 

interval  fifty  feet. 
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the  Maryland  line,  then  continues  southward  into  Virginia.  The 
known  variations  in  thickness  of  these  comhined,  post-New  Scotland 
Helderberg  deposits,  are  illustrated  in  a general  way  in  Figure  15. 

The  Beeraft-Port  Ewen  beds  reach  their  greatest  thickness  at  Trilo- 
bite  Mountain,  near  the  New  York-New  Jersey  boundary,  where  they 
total  about  215  feet,  according  to  Shinier.  If  the  Dalmanites  dentatus 
beds  are  added,  the  thickness  at  Trilobite  Mountain  is  245  feet ; if 
they  are  omitted,  there  is  little  shift  in  the  isopachs. 

The  late  Helderberg  beds  thin  rapidly  toward  central  Pennsyl- 
vania, where  they  are  represented  by  parts  of  the  Mandata  shale  and 
chert.  They  thicken  again  near  Warren  Point,  on  the  Maryland  line, 
and  in  the  vicinity  of  Monterey,  Virginia,  where  they  include  Man- 
data  (?)  shale  and  chert  and  Licking  Creek  (“Beeraft”)  limestone. 
Doubt  is  thrown  on  some  of  the  thicknesses  indicated  in  western 
Maryland  and  West  Virginia,  because  of  questions  concerning  the 
relations  of  Mandata  and  Shriver  beds  in  parts  of  those  areas.  De- 
finite thinning  and  disappearance  of  these  beds  on  the  eastern  side 
of  the  trough  as  shown  in  northern  Virginia,  is  indicated  by  work 
near  Winchester  and  Woodstock  by  C.  K.  Swartz  and  the  writer.  • 

Boundaries.  The  contacts  of  the  Beeraft  are  not  exposed  at  either 
the  Wallpaek  Bend  or  at  Brodhead  Creek.  The  Port  Ewen  may  be 
overlain  at  Wallpaek  Bend  by  beds  containing  the  Dalmanites  den- 
tatus fauna  seen  in  New  Jersey;  unfortunately  the  top  of  the  Port 
Ewen  and  the  next  overlying  beds  have  not  been  seen  at  this  locality 
by  the  writer.  At  Brodhead  Creek,  the  top  contact  of  the  Port  Ewen 
is  well  exposed  and  is  sharply  defined,  at  least  as  here  drawn.  The 
next  overlying  beds  are  ash-gray  shales,  a little  more  resistant  and 
probably  a little  more  siliceous  than  the  Port  Ewen.  Fossils  are  rare, 
and  unquestioned  Oriskany  fossils  have  not  been  observed  for  some 
distance  above  the  contact.  There  is  no  sign  at  this  locality  of  the 
Dalmanites  dentatus  fauna,  which  occurs  in  the  beds  next  above  the 
Port  Ewen  in  New  Jersey;  nor  of  the  next  higher  Orhietdoidea 
jervemis  fauna,  also  seen  in  New  Jersey.  These  two  zones  may 
be  absent  by  disconformity  at  the  Brodhead  Creek  section. 

Economic  value.  The  Beeraft  limestone  of  eastern  Monroe  County 
is  too  thin  and  impure  for  quariying.  The  Port  Ewen  beds  have  no 
known  economic  value. 

Fauna.  The  Beeraft  limestone  at  Wallpaek  Bend  contains  Lev enea 
suhearitmta  and  “Spirifer”  cyclopterus  (see  plates).  The  more  char- 
acteristic “ Spirifer”  comcinnus  and  Gypidula  pseudo  gale  at  a were  not 
observed.  Faunas  were  not  obtained  from  the  still  more  questionable 
Beeraft  at  Brodhead  Creek. 

On  Brodhead  Creek,  at  least  two  rather  distinct  faunas  are  repre- 
sented in  the  Port  Ewen  beds.  Near  the  middle  are  Platyorthis  plano- 
convexa  (a),  Leptostropliia  oriskania  (a),  “ Spirifer”  concinnus  (c), 
but  in  part  with  faintly  grooved  ribs  and  thus  possibly  “S.”  aroos- 
taokensis.  Also  present  is  CJionetes  n.  sp.,  with  divergent,  pustulose 
ridges  on  the  interior  of  the  ventral  valve. 

In  the  upper  foot  are  lenses  of  highly  fossiliferous  limestone.  The 
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fauna  includes:  Rhipidonvella,  ymisculosa  (rr),  Chometes  n.  sp.  (same 
as  above)  (a),  C.  aroostookensis  (a),  “ Spirifer”  concinnics  var.  (c), 
“S.”  murchisoni  (r),  Dalmanites  sp.  (not  D.  dentatus)  (a),  Homa- 
lonotus  vanuxemi  (e),  numerous  ostracoda,  including  Thlipsurella 
multipunctata. 

Correlation  with  New  Jersey  and  New  York.  The  limestone  beds 
above  the  New  Scotland  at  Wallpack  Bend  are  considered  Becraft 
because  their  lithology  is  reasonably  close  to  that  of  the  Becraft  of 
New  Jersey,  and  because  of  their  position  between  the  New  Scotland 
and  Port  Ewen.  No  other  solid  limestone  of  this  type  is  known  to 
occur  near  this  horizon  in  this  general  area.  The  observed  fauna  is 
not,  however,  distinctively  Becraft.  Age  of  the  beds  tentatively  in- 
cluded in  the  Becraft  at  Brodhead  Creek  is  still  less  certain. 

The  next  overlying  shales  are  correlated  with  the  Port  Ewen  of 
New  Jersey  and  New  York  because  of  comparable  lithology,  similar 
stratigraphic  position,  and  some  features  of  the  fauna.  The  writer 
in  1937  collected  the  following  species  in  the  Port  Ewen  in  the  type 
section  along  the  West  Shore  Railroad  south  of  Kingston:  Lepto- 
strophia  oriskania  (c),  Chonetes  n.  sp.,  same  as  at  Brodhead  Creek 
(r),  Thlipsurella  multipundata  (c).  Platyorthis  planoconvexa. 
“ Spirifer”  concinnus,  and  “S.”  murchisoni  have  also  been  reported 
from  the  Port  Ewen  in  the  type  area. 

On  the  other  hand,  Chonetes  aroostookensis  and  “ Spirifer”  aroos- 
tookensis are  species  never  before  recognized  in  the  Port  Ewen.  Both 
occur  in  the  Chapman  sandstone  of  Maine,  and  the  “Spirifer”  is 
abundant  in  the  Oriskany  (?)  beds  at  Highland  Mills,  New  York 
(Clarke,  64).  The  importance  of  the  shallow  grooves  seen  along  some 
of  the  ribs  oi  “S.”  aroostookensis  ( ?)  needs  further  study.  These  are 
very  faint  in  the  material  from  Brodhead  Creek,  and  are  seen  only 
with  exceptional  preservation.  They  should  be  looked  for  in  material 
from  the  Port  Ewen  of  New  York.  They  tend  to  be  lost  with  slight 
exfoliation  of  the  shell  material. 

Correlation  with  other  areas.  The  Port  Ewen  and  to  some  extent 
the  Becraft  of  New  York  are  represented  by  faunas  occurring  in  the 
Mandata  and  Licking  Creek  beds  of  central  and  south-central  Pennsyl- 
vania. Their  relationships  will  be  considered  in  the  discussions  con- 
cerning those  formations. 

The  Dalhousie  beds  of  New  Brunswick  contain  typical  “Spirifer” 
concinnus,  along  with  “S.”  perlamellosus  and  other  Helderbergian 
species.  These  beds  are  probably  equivalent  to  the  Becraft,  at  least 
in  part. 

THE  MANDATA  SHALE  AND  CHERT 

General  relations.  The  name  Mandata  is  here  proposed  for  shale 
and  chert  beds,  which  occur  above  the  cherty  New  Scotland  limestone 
through  central  Pennsylvania,  and  which  are  about  90  feet  thick  at 
the  section  one-quarter  mile  south  of  Mandata  (Bull  Run  of  Millers- 
burg  topographic  sheet),  near  the  southern  border  of  Northumberland 
County,  Pennsylvania.  In  part  these  beds  are  New  Scotland  in  age, 
in  part  they  are  younger.  (See  Tables  XIII  and  XIV.)  In  part  they 
contain  so  few  fossils  that  correlation  is  uncertain.  They  seem,  how- 
ever, to  form  a continuous  body  of  rock.  (See  Figure  17  ) 


IJEN  ONiAN  OF  FEN.\ SYJ A AA] A 


(id 


Distribution.  The  beds  here  included  in  the  Mandata  are  believed 
to  occur  in  central  Pennsylvania  throughout  the  belts  of  outcrop 
shown  in  Figure  7 ; though  they  have  not  been  definitely  identified 
as  yet  in  Lycoming,  Clinton,  and  Centre  Counties. 

Lithologic  features.  In  the  type  section  near  Mandata,  the  Man- 
data  beds  consist  of  the  following  lithologic  divisions,  arranged  in 
stratigraphic  order : 

Feet 


Oriskany  chert  and  sandstone 
Mandata  shale  and  chert 

Thin-bedded  shale,  no  fossils  observed.  24 

Medium-bedded  impure  dark  chert,  and  interbedded  dark  gray 
shale.  A 6-  to  9-inch  bed  of  impure  limestone  at  7 feet.  Late 
Aiew  Scotland  fauna,  but  Eospirifer  macropleurux  not 
observed.  20 

Thin-bedded  dark  gray  shale,  and  a few  interbedded  layers  of 

impure  chert.  E.  mncropleurus  (c)  iftt 

Thin-bedded  gray  shale,  and  four  interbedded  layers  of  finely 

crystalline  limestone.  E.  niacropleurus  (c).  Sy,, 

Thin-bedded  shale ; a 4-inch  bed  of  impure  limestone  at  5 feet. 

E.  macropleuru.<i  (c).  20 

Concealed.  4 

New  Scotland  limestone. 


At  Selinsgrove  Junction,  10  miles  north  of  Mandata,  the  Mandata 
beds  consist  of  55  feet  of  dark  gray  shale  with  little  if  any  chert 
and  very  few  fossils.  This  relatively  barren  and  chert-free  phase 
extends  to  the  west  and  southwest,  where  it  thins  still  further. 

At  Clarks  Mill  in  Perry  County,  25  miles  southwest  of  Mandata, 
the  Mandata  beds  are  about  80  feet  thick.  They  are  not  well  exposed. 
Relatively  solid  chert  is,  however,  fairly  abundant  in  the  lower  half 
or  so ; while  the  upper  beds  weather  to  punky,  siliceous  fragments, 
representing  impure  chert  or  siliceous  shale.  The  Mandata  beds  of 
Perry  County  were  termed  the  “yellow  flint  shale”  by  Claypole  (72) 
(see  Table  VIII). 

Near  Warfordsburg,  Fulton  County,  similar  siliceous  shale  and 
impure  cherts  occur  between  the  New  Scotland  limestone  and  Ridgeley 
sandstone.  In  the  section  along  the  Western  Maryland  Railroad,  near 
Tonoloway,  Maryland,  about  10  miles  southwest  of  Warfordsburg, 
they  were  referred  to  the  Lower  Oriskany  (=  Shriver  chert)  by 
Ulrich  in  1912  (214).  They  lack  the  Eospirifer  niacropleurus  fauna 
of  the  lower  part  of  the  Mandata  at  Mandata  and  in  Perry  County, 
but  they  do  not  contain  the  faunas  characteristic  of  the  Shriver  in 
central  Pennsylvania  (see  the  writer’s  descriptions  of  the  Hollidays- 
burg  and  Lewistown  sections,  208).  They  contain  some,  at  least,  of 
the  fossils  of  shaly  beds  that  lie  between  the  New  Scotland  and 
Licking  Creek  (“Becraft”)  limestones  at  Warren  Point,  7 miles 
east  of  Warfordsburg.  The  relations  of  these  beds  in  the  Warfords- 
burg area  are  not  wholly  clear  as  yet ; but  they  are  tentatively  referred 
to  the  Mandata  shale  and  chert  pending  further  investigation. 

Boundaries.  At  Mandata,  the  Mandata  beds  lie  between  the  cherty 
New  Scotland  limestone  below,  and  solid,  relatively  pure  dark  cherts, 
which  weather  whitish,  above.  Sandy  beds  at  the  top  of  these  over- 
lying  cdierts  in  nearby  sections  at  Dalmatia  contain  a “Spirifer"’ 
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murchisoni  fauna,  so  that  they  are  evidently  Oriskany  in  age.  The 
contacts  of  the  Maxidata  vith  the  adjacent  beds  are  not  well  exposed, 
but  appear  to  be  rather  sharp. 

At  Selinsgrove  Junction,  to  the  north,  the  Mandata  beds  occur 
between  the  same  formations  that  bound  them  at  IMandata.  The  con- 
tacts are  well  exposed,  and  both  are  fairly  well  defined.  The  contacts 
are  also  well  marked  in  Perry  County,  where  the  Mandata  rests  on 
the  Falling  Spring's  sandstone  member  of  the  New  Scotland,  and  is 
again  overlain  by  the  more  solid  Oriskany  chert  beds. 

In  more  Avesterly  sections,  as  near  Lewistown,  Mifflin  County,  Hol- 
lidaysburg,  Blair  County,  and  the  Devils  Backbone,  near  Cumberland. 
Maryland,  the  Mandata  shale  lies  above  the  cherty  New  Scotland 
limestone  and  below  the  Shriver  chert,  considered  part  of  the  Oriskany 
group.  The  change  from  New  Scotland  limestone  to  Mandata  shale 
occurs  within  a few  inches.  The  contact  with  the  Shriver  is  abrupt 
at  Hollidaysburg  and  the  Devils  Backbone.  At  Lewistown,  the  change 
in  lithology  is  less  well  defined,  and  the  exact  position  of  the  Mandata- 
Shriver  contact  is  somewhat  ciuestionable. 

In  the  vicinity  of  'Warfordsburg,  Fulton  County,  the  beds  tenta- 
tiveh"  referred  to  the  Mandata  lie  between  cherty  New  Scotland  lime- 
stone below,  and  Ridgeley  sandstone  above.  The  contacts  have  not 
been  seen.  At  AYarren  Point,  shaly  limestones  or  calcareous  shales 
resting  on  the  cherty  New  Scotland  limestone,  are  included  tentatively 
in  the  Mandata.  They  are  apparently  transitional  with  the  New 
Scotland,  and  they  are  overlain  by  a 35-foot  concealed  interval,  evi- 
dently formed  of  rather  weak  rocks  as  they  are  eroded  back  and  form 
a bench  along  the  bluff.  These  may  also  be  Mandata.  The  concealed 
interval  is  overlain  by  Licking  Creek  (“Becraft”)  limestone. 

Thickness.  Through  the  outcrop  area  of  the  Ilelderberg  beds  in 
central  Pennsylvania,  the  deposits  here  included  in  the  Mandata  shale 
and  chert  exhibit  a rather  definite  pattern  of  variation  in  thickness, 
at  least  within  the  limits  of  present  knowledge.  There  is  an  axis  of 
maximum  deposition  running  northeast-southwest  through  Mandata 
and  Dalmatia  in  southern  Northumberland  County,  and  Clarks  Mill 
in  the  central  part  of  Perry.  This  axis  apparently  continues  north- 
eastward through  Grovania,  where  the  “Stormville”  of  I.  C.  White 
(228)  is  very  likely  equivalent  to  the  klandata  of  this  discussion. 
Thicknesses  are  90  feet  at  Mandata,  about  90  at  Clarks  Mill.  The 
presumably  equivalent  shales  at  Grovania  are  about  100  feet  thick 
according  to  both  White  (229)  and  Reeside  (167).  Along  the  south- 
western continuation  of  this  axis,  the  beds  tentatively  included  in  the 
Mandata  near  Warfordsburg  are  about  80  feet  thick. 

The  formation  thins  to  the  west.  Thus  it  is  40  feet  thick  at  Lewis- 
town in  Mifflin  County,  30  feet  thick  at  Hollidaysburg  in  Blair 
County,  20  feet  thick  at  the  Devils  Backbone,  near  Cumberland, 
Maryland.  Part  or  all  of  this  Avestward  thinning  may  iiiA-olve  the 
lateral  change  of  the  loAver  part  of  the  Mandata  at  Mandata  into  the 
beds  here  included  in  the  New  Scotland  cherty  limestone;  but  there 
is  no  marked  coneommitant  thickening  of  these  cherty  limestone  beds. 
In  the  accompanying  isopach  maps  the  Eospirifer  macropleurns  beds 
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of  the  Mandata  shale  are  ineliuled  with  the  New  Seotfand  in  Figure 
12  and  are  omitted  from  the  jmst-New  Seotland  beds  in  Figure  15. 

Fauna.  At  Mandata,  Northumberland  County,  the  loAver  45  feet 
of  the  Mandata  formation  contains  ,a  large  and  A’ery  characteristic 
New  Seotland  fauna.  (See  plates  of  fossils.)  This  includes  Levenea 
.'iubcar!)iafa,  Lcpfo<eiu>ica  co'.ncava,  Ijfpfosirophia  heckn,  Atri) pina  im- 
hncaia,  Euitouim  smcjularn'i,  Eosplrifcr  mucroplcurus,  “ iSpirifer’ ’ 
cpcloptcrus,  ‘‘S'.”  ])C)’J(n)icIlosns,  Anoploihcco  voncai'a,  Treniatoiipira 
eqmsfruda.  This  fauna  is,  if  anything,  more  distinctively  New  Scot- 
land than  that  of  the  underlying  limestones  to  Avliich  the  name  New 
Scotland  is  ajAidied. 

The  next  oveilying  ‘20  feet  of  chert  and  limestone  contains  virtually 
the  fauna  above  listed,  except  that  Eospirif er  Jiutcropleunis  was  not 
observeil.  No  fossils  Avere  found  in  the  upper  25  feet  of  the  formation. 

In  Perry  County,  the  beds  are  less  Avell  ex])osetl.  NcA^ertheless,  the 
collections  obtained  sIioaa'  that  E.  macroplcurus  is  again  common 
through  the  loAver  half  of  the  formation,  and  ap]iarently  absent  in  the 
upper  half.  The  niiper  beds,  furthermore,  contain  an  ostracode  fauna 
characterized  by  Thhpsurella  inultipinictafa  and  other  ostracoda  of 
the  Port  EAven  of  Monroe  (lountA',  PeunsAdA’auia,  and  Kingston,  New 
York. 

Near  Warfordsburg,  Fulton  County,  the  Mandata  beds  are  fossil- 
iferous,  but  Eospirifcr  niac'rojjlcurus  Avas  not  observed.  This  species 
is  abundant  in  the  underlying  Ncav  Scotland  limestone  Avhich  may 
Avell  have  dis])laeed  the  loAver  beds  of  the  Mandata  as  seen  at  Mandata. 
The  fauna  observed  in  the  AYarfoialsburg  area  includes  Leptosirophia 
hcclcii,  L.  ori.shaMia,  the  CJionctcs  n.  sp.  Avith  pnstulose  ridges,  found 
in  the  Port  Eavcii  in  Monroe  County  and  at  Kingston,  together  Avith 
Octonaria  n.  sp.  suggesting  T]>] ipsurclla  multlpunctato. 

Fossils  are  very  scarce  in  the  Mandata  of  the  more  Avesterly  sections. 
Some  (piestionable  s]>ecimens,  possibly  Anoph^fheca  concava,  Avere 
observed  at  llollidaysburg. 

Correlation  with  New  York.  The  fauna  of  the  loAver  half  of  the 
Mandata  at  Mandata  and  in  Peri'y  (.bounty,  as  jn-eviously  listed, 
clearly  sIioavs  that  these  loAver  beds  ai'e  closely  equiAudent  to  the  New 
Scotland  of  Ncav  York,  and  must  be  regarded  as  an  extension  from 
that  formation.  If  they  could  be  se]>arated  in  a satisfactory  manner 
from  the  overlying  strata,  they  Avould  be  referred  Avithout  hesitation 
to  the  NeAV  Seotland  formation.  This  procedure  may  proA'e  desirable 
Avith  future  Avork.  (See  Figure  17.) 

The  higher  part  of  the  Mandata  in  Pei-ry  County  contains  Tlilip- 
surella  multipunctato  and  other  ostracoda  of  the  Port  Eavcii,  Avhich 
will  be  described  elseAvhere.  The  fauna  of  the  Alandata  of  Pulton 
Count.y  is  also  A'ery  sugg’estiA'e  of  that  of  the  Port  EAven.  At  the 
present  time,  then,  the  Mandata  is  believed  to  range  from  horizons 
of  Ncav  Scotland  age,  AA’hich  are  seen  in  Northumberland  and  Perry 
Counties,  to  beds  of  Port  Eavcii  age,  at  least  in  Perry  and  Pulton 
Counties.  These  relations  are  suggested  in  Tables  XIII  and  XIV. 
Farther  Avest  the  faunas  are  too  poor  for  satisfactory  correlation. 

Although  the  Mandata  appears  to  range  from  beds  AAdiich  are  older 
to  beds  AAPicli  are  younger  than  the  Becraft  limestone  of  New  York, 


it  is  notable  that  no  typical  Beeraft  species  have  been  discovered 
in  them  within  the  areas  above  discussed.  Accepting  the  correlations 
that  have  been  suggested,  the  question  arises,  is  absence  of  such  a 
fauna  due  to  an  hiatus,  or  to  some  other  factor?  The  answer  is  not 
clear  at  the  present  time. 

LICKING  CREEK  LIMESTONE 

General  relations.  The  name.  Licking  Creek  limestone,  is  here  pro- 
posed for  the  late  llelderbergian  limestone,  seen  in  bluffs  along  Lick- 
ing Creek  near  "Warren  Point,  Franklin  County,  Pennsylvania  (see 
section,  pp.  85-86).  At  this  locality,  it  lies  below  the  Ridgeley  forma- 
tion, containing  the  “ Spirifer”  arenosus  fauna  of  the  Oriskany  group, 
and  above  a small  thickness  of  calcareous  shale  and  imj)ure  limestone, 
tentatively  considered  Mandata  shale.  The  latter  beds  rest  in  turn 
upon  New  Scotland  cherty  limestone,  containing  a characteristic 
Eospirifer  macroplcunis  fauna.  (See  Figure  17.) 

The  presence  of  this  limestone  at  Licking  Creek  and  at  other  locali- 
ties east  of  Hancock,  Maryland,  was  first  recognized  by  IL  B.  Rowe.* 
Rowe  obtained  “ Spirifer”  concinnus  and  numerous  other  species  from 
these  beds,  and  concluded  that  they  represent  the  “ Sieherella  pseudo- 
galeata  zone”  of  the  Beeraft  limestone  of  New  York.  The  formation 
was  subsequently  termed  Beeraft  limestone  by  Sclurchert  (180). 

The  Licking  Creek  limestone  contains,  it  is  true,  numerous  species 
allying  it  with  the  Beeraft  of  New  York.  As  will  be  shown,  however, 
it  also  contains  species  which  indicate  that  it  ranges  considerably 
above  the  limits  of  that  formation.  Furthermore,  recent  studies  lay 
further  emphasis  on  the  fact,  first  noted  by  Rowe,  that  the  Licking 
Creek  limestone  can  not  well  be  considered  a direct  continuation  of 
the  type  Beeraft  (see  Figure  16).  Thus,  the  Beeraft  limestone  of  New 
York  thins  and  disappears  southward  in  the  Stroudsburg-Palmerton 
region  of  Pennsylvania  (see  Figure  17).  It  is  reasonably  certain 
that  the  Beeraft  and  Licking  Creek  do  not  form  a continuous  lime- 
stone body  through  the  present  areas  of  Devonian  outcrop  in  Penn- 
sylvania. The  possibility  that  they  were  originally  connected  south- 
east of  this  area  seems  remote  in  view  of  the  considerations  upon  which 
the  idea  of  the  Auburn  Promontory  is  here  presented. 

The  Licking  Creek  limestone  is  believed  to  extend  southwaixl  along 
a narrow  belt  to  Monterey  and  Clifton  Forge,  Virginia  (see  Figure 
16),  where  it  was  termed  Beeraft  limestone  by  the  Avriter  in  1929 
(208).  The  name.  Long  Dale  limestone,  was  suggested  in  1922  in  a 
brief  abstract  by  R.  J.  Holden  (124),  pre.sumably  for  these  same  beds. 
Unfortunately,  Holden’s  data  were  never  published,  and  the  occur- 
rences near  Long  Dale  have  never  been  described.  Becanse  of  these 
deficiencies  in  Holden’s  term,  the  Avriter  believes  it  much  more  desir- 
able to  use  the  term  Licking  Creek,  based  upon  RoAve’s  classical 
section. 

Distribution.  The  Licking  Creek  limestone  is  knoAvn  in  Pejinsyl- 
vania  only  in  a small  area  at  the  southeastern  tip  of  Franklin  County 
(see  Figures  16,  17). 

• Rowe,  R.  B.,  Paleodevonlan  Formations  of  Maryland,  Dissertation,  Library  of 
Johns  Hopkins  University,  1900. 
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EXPLANATION 


Southern  part  of  outcrop  and  of  plausible 
extent  of  typical  BecrafT. 

Known  areas  of  occurrence  of  Dalmanites 
dentatus. 

Outcrop,  Licking  Creek  or  southern 
Bccraft  limestone  in  Pennsylvania  and 
its  approximate  area  of  extent  in 
the  Virginias. 

X = Locations  at  which  Licking  Creek 
limestone  is  known  in  the  Virginias. 


Figure  16.  Sketch  map  showing  plausible  geographic  relations  of  the 
Becraft  and  Licking  Creek  limestones;  also  known  areas  of  occurrence  of 

Dalmanites  dentatus. 

Lithologic  features  and  thichncss.  The  Licking  Creek  limestone  is 
well  exposed  at  the  type  locality  in  the  bluff  on  the  south  side  of 
Licking  Creek,  near  AVarren  Point,  Franklin  County.  This  section 
was  studied  by  R.  B.  Rowe  in  1899.  Interpreting  his  description  in 
the  light  of  recent  studies,  the  formation  exhibits  the  following 
divisions : 

Feet 


Ridgeley  sandstone 
Licking  Creek  limestone : 

Thick-bedded,  light  graj',  chert-free,  crystalline  limestone. 

“»S'p/r//cr”  unxjstookctisis,  Renssela.criu  suhulohosii.  25 

Light  gray  limestone,  with  numerous  layers  of  black  chert  20 

Thick-bedded,  light  gray,  crystalline  limestone,  with  little 

chert.  coiicinnus  (?),  It.  sithglohosa.  25 

Medium-bedded  black  chert;  some  limestone  near  top.  17 

Mandata  shale  (?): 

Concealed ; possibly  Licking  Creek ; but  these  beds  have  been 
eroded  back  to  form  a continuous  bench.  Considered  Be- 
craft by  Rowe  and  Schuehert.  35 

Dark  gray  calcareous  shale;  Octonaria  thlipsurelloides  (un- 
described) fauna  not  previously  recognized.  4 

New  Scotland  limestone,  with  Eospirifer  macropleurus  fauna. 
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Part  of  the  Liekiug  Creek  is  also  exposed  ou  the  north  side  of  Lick- 
ing Creek,  east  of  the  first  section.  The  ivriter  has  not  examined  it 
elsewhere  along  its  short  line  of  outcrop  in  Pennsylvania. 

Boundaries.  In  the  exposures  north  of  Licking  Creek,  the  boun- 
dai'3’  between  the  Licking  Creek  and  overlying  Kidgeley  sandstone  is 
sharply  defined  by  the  sudden  appearance  of  sand  and  fine  gravel  in 
the  latter  formation.  The  contact  between  the  Licking  Creek  and 
Mandata  (?)  beds  is  not  seen. 

Economic  value.  The  chert-free  parts  of  the  Licking  Creek  are 
satisfactory  for  agricultural  lime  and  road  material. 

Fauna  and  correlation.  As  described  by  Schuchert,  the  fauna  of 
the  Licking  Creek  limestone  at  Warren  Point  and  nearby  localities  in 
Maryland  includes  Rhipidomella  assimilis,  Schuchertella  woohvorth- 
ana,  Eatoniu  singularis,  E.  peadiaris,  PlctJiorJujnckus  camphcllana, 
Rensselaeria  suhglobosa,  “ Spirifer”  concinnus,  “S.”  cyclopterus, 
Cyrtina,  rostrata,  Anoplotheca  flal>eUites  (see  plates).  Among  these 
species  Rensselaeria  subglohosa  and  Cyrtina  rostrata  occur  in  the  Dal- 
manites  dentatus  zone  of  New  Jersey,  and  are  unknown  in  the  type 
Beeraft.  Specimens  collected  by  the  writer  .show  that  much  of  the 
material  hitherto  regarded  as  “ Spirifer”  concinnus  at  Warren  Point 
actually  possesses  the  grooved  ribs  of  “S.”  aroostookensis  of  the  so- 
called  Oriskany  beds  of  Aroostook  County,  Maine,  and  Highland  Mills, 
New  York.  The  writer  has  also  obtained  at  Warren  Point  material 
indistinguishable  from  Leptastropliia  'blainvilli,  which  occurs  above 
“ Spirifer”  arenosus  beds  in  the  Gaspe  region;  also  the  Chonetes  n.  sp., 
with  pustulose  ridges,  which  occurs  in  the  Port  Ewen  in  Monroe 
County  and  New  York. 

The  writer  has  recently  obtained  fragmentary  but  representative 
Dalmanites  dentatus,  with  Leptaena  ventricosa  and  Leptostrophia 
magniventroides  n.  sp.,  in  Licking  Creek  limestone  at  Monterey,  Yir- 
ginia.^-‘  AYith  these,  as  previously  described,  occur  Rensselaeria  suh- 
glohosa,  Cyrtina  varia,  and  large  varieties  of  “ Spirifer”  co')icinnus. 

The  faunas  listed  above  indicate  that  the  Licking  Creek,  at  least 
at  Monterey,  ranges  up  to  the  Dalmanites  dentatus  zone  of  New  Jer- 
sey, and  perhaps  even  higher.  It  apparently  also  includes  beds  equiva- 
lent to  the  Port  Ewen  and  typical  Beeraft. 

Dalmanites  dentatus  has  not  been  recognized  except  in  the  type  area 
through  New  Jersey  and  Trilobite  Mountain,  on  the  one  hand,  and 
Monterey,  on  the  other  (see  Figure  16).  Its  migration  from  the  one 
area  to  the  other  is  not  understood. 

Relations  of  the  Hehlerberg  and  Oriskany  Groups 
in  Pennsylvania 

The  interrelationships  of  the  Ilelderberg  and  Ori.skany  groups  in 
Pennsylvania  are  rather  complex,  and  are  not  as  yet  wholly  under- 
stood. Interpretations  that  appear  most  plausible  with  present  knowl- 
edge are  illustrated  in  Tables  XIII  and  XIA^.  Further  investigations 
will  be  required  before  the  details  can  be  fully  clarified. 

* The  important  faunal  differences  in  the  limestones  at  Licking  Creek  and  Monterev 
need  further  study. 
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Tlie  faunal  sequeiic'e  from  the  llehlerberg  to  the  Oriskaiiy  deposits 
is  more  complete  in  Xew  dei-sey  and  nearby  localities  than  at  most 
other  places  in  the  Appalachian  area.  The  following  zonal  succession 
is  largely  based  on  work  by  Weller  (22-1)  in  New  Jersey  and  Shinier 
(192)  at  Trilobite  Mountain,  with  some  modifications  by  the  writer; 

/(')■''  (trcuonHx  zone,  with  “N.”  iii  urchisvii  i 
()rbiciili)i(l(((  jcrrciisix  zone:  M ct(( pla.sid  eomiuon  here, 

rare  in  next  overlying-  beds. 

DiiJiiKiiiitcx  ilciiUitiix  zone,  with  siihi/lohosa, 

fcr”  iniirrliixoiii,  cojicuuius  var.,  Cijrtiiia  rostrata 

( varia  ? ] . 

Port  Ewen  zone:  "Spirifer"  conciiniKS  and  “N.”  w iirchisoni  re- 
ported by  Shinier  and  others;  TliJipHurcUa  niultipiuictata 
and  other  eharaeteristie  ostracoda  obtained  by  writer. 
Beerat't  zone:  "><pirifrr''  coiiciiniiix  witli  nninerou.s  New  Scotland 
species. 

New  Seolland  zone:  Eoxpirifcr  uidcropJcurux  launa  (E.  Diacro- 
plcurds  also  reported  rare  in  Port  Ewen). 

Coeynians  zone;  (liipidiild  cdci/wdUddsis. 

In  connection  with  descri]ttions  of  Tujwer  Devonian  ostracoda  pub- 
lished in  DK32  and  IhiKi  (209,  211),  the  writer  pointed  out  the  occur- 
rence in  the  middle  jiart  of  the  Shriver  of  central  Pennsylvania,  of 
a zone  containing  numerous  Metaplasia  plicafa.  The  stratigraphic 
[losition  and  fauna  of  this  zone,  as  nnderstood  by  the  writer,  are  illns 
trated  by  tlie  appended  descrijitions  of  sections  at  Ilollidaysburg 
and  Lewistown,  centra!  Pennsylvania.  The  zone  contains  an 
Orbicutoidra  believed  to  be  O.  jerveasis.  There  are  numerous  ostra- 
eoda,  of  wliicli  BoUia  sapifiafornns,  B.  hurgoieri,  and  Acanthoscaphu 
pentaejonaUs  appear  to  be  confined  to  this  zone,  while  Thlipsitrellu 
sccoclcfta,  ThUpsura  coiipueiis.  and  T.  fricornis  are  common  in  both 
tliese  and  higlier  paths  of  tlie  Shriver.  In  the  writer’s  opinion,  this 
zone  is  a western  extension  of  the  Oi’hindoidca  jervensis  zone  of  New 
Jersey,  and  is  early  Oriskany  in  age.  (See  Plates  8 and  9.) 

In  the  sections  at  Ilollidaysburg,  Lewistown,  and  Curtin,  satisfac- 
tory faunas  have  not  been  found  between  the  Metaplasia  plicata  zone 
and  lower  lying  New  Scotland  beds  containing  Eospirifer  macro- 
pleurus.  Farther  to  the  east,  however,  the  Thlipsurella  midtipunctatu 
ostraeode  fauna  of  the  Port  Ewen  occurs  in  the  upper  part  of  the 
Mandata  shale  at  Clarks  Mill  iu  Perry  County.  The  Metaplasia  pli- 
cata zone  is  not  found  at  this  locality.  Eospirifer  macropleurus 
occurs  in  the  lower  jiart  of  the  IMandata  at  Clarks  (Mill,  and  the  Man- 
data  is  included  in  the  llehlerberg  group. 

Metaplasia  plicata  and  mo.st  of  the  characteristic  ostracoda  associ- 
ated Avith  it  in  central  Pennsylvania  haA’e  not  been  observed  as  yet 
in  the  Shriver  chert  in  its  tyjie  area  near  Cumberland,  Maryland.  On 
the  other  hand,  Tld ipsin-clla  la  ulti punctata  Avas  originally  described 
from  the  Shriver  of  the  Cumberland  area  by  FIrich  and  Hassler. 
Thus  the  middle  Shriver  of  central  Pennsylvauia  is  believed  to  be 
equivalent  to  the  Orbindoidca  jern  iisis  zone  of  the  Oriskany  of  Ncav 
Jersey;  Avhereas  the  ty])e  Shriver  may  include  beds  of  Port  EAven  age. 
Further  investigation  of  the  ostracoda  and  other  fossils  of  the  Shriver 
of  Avestern  (Maryland  is  needed  to  throAV  light  on  these  relatiomships. 
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Figure  17.  Correlation  chart  of  the  Keyser  and  Helderberg  group  from  New  Jersey  to  Virginia.  Nearpass  quarries  after  S.  'teller;  Warren  Point  after  H.  II.  Ho«e 
and  C.  Schuchert;  Devils  Backbone  after  C.  K.  Swartz,  C.  Sehuchcrt  and  others;  Palmerton,  Auburn,  Swatara  Gap  and  FaMcetts  Gap  after  C.  K.  and  F.  M.  S«;-.rtz; 
Deckers  Ferry,  Mandata,  Pine  Creek,  Hollidaysburg,  Monterey  and  Prices  Blulf  after  F.  M.  Swartz;  Clarks  Mill  and  Mount  Rock.  Keyser  modified  from  Ree^ide.  other 

beds  mostly  from  F.  M.  Swartz. 
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Thlipsurdla  iimltipinictata  \vas  identified  by  riricli  in  the  lower 
part  of  the  beds  liei'e  referred  to  the  Mandata  sliale  and  chert  ar 
Toiioloway  Ridge,  Maryland,  about  10  miles  southwest  of  AVarfords- 
burg',  Pennsylvania.  On  the  basis  of  the  writer’s  collections,  this  is 
believed  to  be  a new  s])ecies  of  Octonaria,  'which  also  occurs  below  the 
Licking  Creek  (“Becraft”)  limestone  at  AVarren  Point. 

The  late  Helderberg  limestone  at  AAMrren  Point  is  believed  to  be 
continuous  to  the  south  with  the  Licking  Creek  (“Becraft”)  limestone 
seen  near  Alonterey  and  Clifton  Forge,  A'irginia.  Near  Alonterey,  at 
least,  this  limestone  in  i:)art  contains  Dubuunitc.s  doifatus  and  Rcns- 
selaeria  suhglohosa,  and  thus  is  believed  to  range  as  high  as  the 
Dalnumiies  dentatits  zone  of  Kew  Jersey.  These  Dalmaiiites  doifaftts 
beds  are  ijresumably  older  than  the  Metaplasia  plicafa  zone  of  the 
Shriver  of  central  Pennsylvania,  judging  from  the  faunal  succession 
in  New  Jersey.  Their  relations  to  the  type  Shriver  of  -western  Alary- 
land,  Avhere  TldipsureUa  ntulfipaucfafn  was  fli-st  described,  are  not 
yet  clear. 

SELECTED  SECTIONS  OE  THE  KEYSER  LIMESTONE  AND 
HELDERBERG  GROUP  IN  PENNSYLVANIA 

Descriptions  of  a few  representative  sections  of  the  Helderberg 
grouj)  are  presented  on  the  following  pages,  and  their  locations  are 
indicated  in  Figure  7.  The  writer  hopes  to  publish  in  the  near  futurt- 
additional  sections  on  which  the  accompanying  discussions  of  the 
Keyser  and  Helderberg  deposits  are  based. 

SECTION  7:  HALF  A MILE  EAST  OF  HOLLI DAYSBU  RG,  BLAIR  COUNTY, 

PENNSYLVAN  I A* 

One  of  the  finest  exi)osures  of  Lower  Devonian  rocks  in  Pennsyl- 
vania is  seen  along  the  highway  to  Frankstown  and  AVater  Street, 
about  half  a mile  northeast  of  Hollidaysburg,  Blair  County,  Pennsyl- 
vania. The  Keyser,  Helderberg,  and  Shriver  beds  make  a high  bluff 
along  the  roadside  at  this  place. 

This  section  was  desciJbed  by  the  writer  in  ]!)2!)  (20H;  pp.  18-20). 
Ostraeoda  from  the  Shriver  chert  at  this  and  other  localities  in  central 
Pennsylvania  were  subsequently  described  in  1932  ami  1936  (209, 
211).  The  writer  also  has  a collection  of  very  interesting  trilobites 
from  the  upper  part  of  the  Shriver  at  these  localities,  and  expects  to 
describe  them  in  the  near  future.  In  order  to  record  the  occurrences 
of  this  material,  a description  of  the  Shriver  is  included  here  with 
that  of  the  Keyser-IIelderberg  section. 

DEVONIAN  SYSTEM 

ORISKAyy  GROUP : 

Riugeley  Saxd.stoxe  : 

Largely  concealed,  l)ut  with  occasional  e.xposures  of  thick- 
bedded  calcareous  sandstone.  7(1  1D.7 

Thick-bedded  very  tine-grained  cali’areous  sandstone.  Lower 
ten  feet  concealed  along  the  liigliway  but  exposed  along  the 
railroad  tracks  belo\v  it.  The  beds  seen  along  the  higliway 
contain  “f>i>irifcr"  iinirch  isoii  i.  "S/jirifer”  arciiosiix,  Rriixxcl- 
ucrla  inari/hiiiaira  and  oliier  Ridgeley  fossils.  :i.'i 

*A  new  highway  cut  changes  the  apiiarent  position  of  tlie  faults  ami  oilier 
of  the  section  as  flescribed. 


Feet 

Unit  Total 


details 
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Feet 

Uuit  Total 


Shkivek  Chert  ; 

Thin-  to  medium-beddeil  dark  highly  siliceous  impure  lime- 
stone or  calcareous  impure  chert,  weathering"  to  a lig"ht  buff 
X^unky  residue.  Concealed  20  to  23  feet.  Lower  20  feet  make 
a rather  prominent  blutt’  at  the  roadside  near  the  eastern  eml 
of  the  Shriver  exj)0sure.  These  are  the  ux>X5er  Shriver  trilobite 
beds.  In  uxJXJei' -1  feet : Act/RO/Per/u  cf.  A.  virf/iniva  (v),S!/ii- 
phoriu  sp.  (r),  Thlipsura  ronflueiift  (c),  ThUpsurclht  .seco- 
clefta  (r)  1'.  ohloiu/n  (r)  In  lower  20  feet:  Fholklops  tinnkht 
(c),  SchKcherteUa  Jivcraf tennis  (r),  Chonetes  hudtionicun  (c), 

.MetaphiKki:  plirataf  (r),  Diaphoraxtoma  dcxuuti  uni  (c),  Hpii- 
phoria  2 n.  sij.  (a).  Oi/phaspis  n.  sx).  (r),  Acidaspis  (Leonax- 
pis)  tuhercuduiux  var.  (r),  Paraxch in  idtclla  dorsopunctatii 
(r),  Pyxipriniltia  cvntriclefta  (c)  Pnraholhina  limhata  (r), 

Jiollki  anicricana  (r),  B.  ainerica na  var.  ziigoconiis  (c),  B. 
nristala  (c),  Ulrichiu  pluripuncta  (c),  U.  tcnninulis  (r),  Or- 
tomiria  dorxoxiilcata  (r),  Thlipxura  confliicnx  (a),  T.  tricornis 
(c),  Thlipsiirrlki  xccoclefta  (r)  T.  orthocicfta  (c),  T.  ohloiif/a 
(c),  Tubulihairdia  tiihulifera  (c),  Cavellina  pnraqnaesita  (c).  27  117 

Thin-bedded  to  tissile  dark  siliceous  shale  grading-  into 
medium-bedded  dark  impure  somewhat  calcareous  chert, 
breaking  into  blocky  pieces,  and  weathering  a darker  brown 
than  the  overlj'ing  beds.  Top  not  well  marked ; base  well 
definetl.  The  succession  is  disturbed  l)y  faults."^  the  shale 
member  of  the  New  Scotland  being  repeated  near  the 
middle  of  the  outcrop  of  these  strata.  The  Metaplasia  plicata 
zone  of  the  middle  Shriver,  as  described  by  the  writer  in 
1932  and  1936  (210,  212),  is  rexn-esented  by  tire  fauna 

obtained  at  70  and  55  feet,  as  follows:  Pholidops 

tiimida  (c)  55;  Chonetes  hiidsonivns  (c)  70;  Metaplaski  pli- 
cata (r)  70,  (c)  55;  BoUia  aniericana  (r)  70,  (r)  55;  B. 
americana  var.  ziigocornis  (r)  70;  B.  sagittaformis  (r)  55; 

B.  hurgeneri  (c)  55;  Thlipsura  confluens  (c)  70,  (c),  55;  T. 
rohusta  (r)  70.  (c)  55:  T.  tricornis  (r)  53;  ThUpsurella  scr- 
oclefta  (r)  70;  ohlonga  (c)  70,  (r)  55;  T.  orthoclcfin 
(r)  70  (r)  55,  Tiihiilihairdia  tiihulifera  (c)  70,  (c)  55;  Acan- 
thoscapha  pentagonalis  (c)  55.  In  central  Pennsylvania,  at 
least,  the  ostracoda  BoUia  sagittaformis,  B.  hurgeneri,  and 
Arantlioscaplia  pentagonalis  are  characteristic  of  and  are 
known  only  in  the  Metaplasia  plicata  zone.  The  w'riter  has 
not  obtained  faunas,  excexit  for  a few  specimens  of  Anoplo- 
theca  flahellites,  in  the  lower  40  to  50  feet  of  the  Shriver 
in  the  area.  90  90 


HELDEKBEKG  GEOUP : 

Mandata  Shale  : 

Dark  sx^lintery  to  fissile,  somewhat  calcareous  sluile. 

Somewhat  fossiliferous,  but  determinable  specimens  are  hard 

to  obtaiii.  Cf.  Anoplotheca  concara  (c).  31  41 

New  Scotland  Limestone  ; 

Thick-bedded  finely  crystalline  gray  limestone,  with  some 
interbedded  chert,  weathering  light-colored,  in  upxier  6VL>  feet, 
and  with  1 foot  of  interbedded  shale  and  thin-bedded  lime- 
stone at  base.  Eospirifer  macropleurus  fairly  common  in 
UX3XJCT  9 or  7 feet.  At  4 to  0 feet;  Rhipidomella  ohlata  (a), 

1 sort  his  perelegans  (c),  cf.  Leptostropha  planulata  (c), 

L.  bell  a (c),  Schuchertella  icoohvorthana,  large  (a), 

Chonetes  sp,  (r),  Eospirifer  macropleurus  (r),  “Spirifer”  per- 
lamellosus  (c),  Phacops  logani  (c).  10  10 


*A  new  liiKhway  cnt  changes  the  api>arent  position  of  the  faults.  (?) 


KEYSEi;  AND  HEJ.J)EKBEi:(;i 


Feet 

Fnit  Total 

Coey:mans  Limestone  : 

Thick-bedded  gray  crj-stalline  limestone,  Mith  a few  inter- 
bedded  lenses  of  dark  chert  in  the  upper  five  feet.  The  con- 
tact with  the  underlying  dense  limestones  of  the  upper  Key- 
ser,  which  weather  buff  or  dove-colored  as  compared  to  the 
more  bluish  graj'  of  the  Coej-mans,  is  very  sharp,  and  some- 
what irregular.  The  basal  3 to  4 inches  of  the  Coeymans  con- 
tain occasional  fragments  of  dense  limestone  of  upper  Key- 
ser  tj-ps.  The  contact  is  evidently  disconformable.  Favositefi 
cf.  F.  lieMertergiae  (c)  ; Gijpidiila  coeumancnsis  (r)  2 inches 
above  base,  (a)  in  middle  part,  (r)  in  upper  .5  feet.  13^^' 


SILURIAN  SYSTEM: 

lOEY'SEE  LliNLESTOXE  : 

Laminated  drab  blue  dense  limestone,  in  part  weathering 
dove-gray  or  somewhat  yellowish.  Mud  cracks  occur  on  sev- 
eral bedding  planes.  These  beds  are  very  suggestive  of  the 
Tonoloway  limestone.  The  beds  are  considerably  disturbed 
by  minor  faults. 

Medium-bedded  dense  blue  limestone,  31/2  feet,  above;  thinly 
laminated  more  imimre  limestone,  below.  Cf.  Leperditin 
gigantea  (aa)  at  top,  (c)  1 to  2 feet  above  base. 

Medium-  to  thin-bedded  dark  drab  dense  limestone,  some- 
what shaly  near  the  base,  and  with  some  thin  partings  of 
shale  at  higher  levels.  Rensselaeria  miitahiUs  sub-zone: 
'‘Spirifer”  vanuxoiii  (a),  Rensselaeria  inutahilis  (r)  in  upper 
3 feet.  PhoUdops  ovata  sub-zone:  Pholidops  ovata  (aa), 
‘'Spirifer”  vamixemi  (r),  10  feet  above  base. 

Thick-bedded  dark  gray,  finely  crystalline  to  dense  some- 
what lumpy  limestone.  Merista  typa  sub-zone  with  Calymene 
camerata,  Atrgpa  reticularis  (a)  Tentaculifcs  ggracanth  us 
(r)  at  top;  Merista  typa  (a),  Calymene  camerata  (a)  1 to  2 
feet  below  top;  Ortlioceras  sp.  (r)  below. 

Thin-  to  medium-bedded  dark  drab  dense  limestone,  in 
layers  2 to  3 inches  thick,  with  thin  partings  of  argillaceous 
limestone  or  calcareous  shale.  !Many  lenses  of  dark  chert 
follow  the  bedding  of  the  limestone  layers.  Atrypa  reticularis 
(a)  13  feet  above  base. 

Thick-bedded  drab  gray  dense  to  finelj'  crystalline  impure 
limestone,  somewhat  lumpy  when  weathered. 

Thick-bedded  finely  crystalline  limestone.  Bryozoa  (aa), 
Atrypa  reticularis  (aa),  ‘'Spirifer”  octocostatus  (a). 

Thick-bedded  drab  blue  dense  to  finely  crystalline  limestone, 
weathering  into  lumpy  masses,  the  lower  7 feet  very  shaly. 
The  succession  is  much  disturbed  by  minor  faulting.  Stenu- 
chisma  deckerensis  subzone.  The  following  fossils  were 
found  loose  at  the  outcrop  of  these  beds  near  the  top  of  the 
bluff:  cup  corals  (c).  cf.  Rhipidomclla  rmarginata  (r). 
Leptaena  rhomhoidalis  (c),  Stenochisma  deckerensis  (a), 
Atrypa  reticularis  (a),  “Spirifer”  octocostatus  (c) 

Thick-bedded  drab  gray  finely  crystalline  limestone.  A 
14-inch  bed  2V2  to  31/2  feet  above  base  weathers  with  a 
peculiar  arrangement  of  pits.  The  contact  with  the  next 
underlying  beds  is  somewhat  suggestive  of  a disconformity. 


36  140 

7 104 

23  97 

5 74 

22  69 

21  47 

4 26 


12  22 
10  10 


TOXOLOWAY  LIMESTOXE  : 

Thick-bedded  drab  gray  dense  limestone ; upper  part  with 
some  irregular  lamination.  4 87 


7G 
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'J’hiiily  laminated,  drab  blue  dense  limestone,  weathering 
light  gray  and  becoming  platy.  Layers  and  lenses  of  dark 
eliert  I'idhnv  the  bedding  at  KA/;.  HO/,.  ISy.,,  19.  and  22  feet 
above  the  base. 

Thin-liedded  dove  gray  dense  limestone:  at  top  a 6-inch  i)ed 
of  dense  limestone,  with  much  crystalline  quartz.  Seen  at  top 
of  entrance  to  small  cave. 

Ihick-bedded  dense  limestone,  much  fractured  in  an  irregu- 
lar fashion. 

Thin-bedded  mostly  laminated  drab  gray  dense  limestone, 
weathering  light  Iduish  gray.  Several  layers  of  cliert  20y.,  to 
23  feet  above  base.  Some  edgewise  limestone  conglomerate 
in  upper  li/g  feet.  Lower  part  seen  along  gaitter. 

Concealed  to  west. 


Feet 

Unit  Total 


321/, 

83 

5()i/> 

2 

49 

4 4 . 
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SECTION  6:  AT  MOUNT  ROCK,  NEAR  LEWISTOWN,  MIFFLIN  COUNTY 

PENNSYLVANIA 

Keyser,  Jlelderberg,  and  Ori.skany  bed.s  are  expo.sed  along  the  road 
on  the  tvest  side  of  Ki.shacoqnillas  Creek,  in  the  northern  outskirts  of 
Lewistown,  Pennsylvania,  opposite  the  small  settlement  knotvii  as 
iMoiint  Itoek.  The  horizon  42  feet  above  the  base  of  the  Keyser  as 
here  described,  is  218  feet  north  of  the  midtile  of  the  entrance  to  the 
bridge  leading  to  Mount  Rock.  The  Ori.skany  beds  are  exposed 
south  of  the  bridge  entrance.  The  section  is  about  110  yards  south 
of  the  abandoned  trolley  barn,  seen  along  the  present  main  higliAvay 
from  Lewistown  to  Highland  Park  and  Burnham.  The  Keyser  and 
Ilelderberg  rocks  of  this  section  were  described  by  Reeside  in  1917 
(167 ; pp.  212-214).  The  basal  42  feet  of  the  Keyser  as  here  described 
were  included  in  the  Tonoloway  by  Reeside.  The  faunas  of  the 
Keyser-llelderberg  beds  are  based  on  Reeside ’s  work,  except  in  the 
ca.se  of  these  lower  beds.  The  upper  Keyser,  Coeymans,  and  New 
►Scotland  are  much  overgrown  at  tlie  present  time.  They  are  seen  to 
better  advantage  in  exposures  at  Painterville,  about  7 miles  northeast 
of  Lewistown. 

The  tShriver  chert  was  measured  by  the  writer  with  the  assistance 
of  Glen  Burgener,  who  studied  some  of  the  collections  for  his  under- 
graduate thesis.  Additional  material  was  subsequently  obtained,  and 
the  tShriver  sections  here  and  at  Ilollidaysburg  were  written  up  for  a 
]ia]mr  ])ublished  in  192G  (211),  but  were  not  included.  Description  of 
the  Shrivel-  here  and  at  Ilollidaysburg  is  included  in  this  chapter, 
since  many  of  the  Shi-iver  ostracoda  described  by  the  writer  (209,  211) 
were  obtained  at  these  localities. 

DEVONIAN  SYSTTLM: 


ORISKANY  GROUT: 

Feet 

Riiigeley  Sanustuxe  : 

Unit 

Total 

Thick-bedded  rather  coarse-grained  calcareous  sandstone, 
crmtainiiig  iirciiosKn  fauna. 

2.7 

6,5 

Concealed.  Tart  or  all  of  this  interval  may  belong  in  the 
Sh river  cliert. 

40 

40 

Shkiver  Chert  : 

Medium-  to  thick-bedded  very  siliceous  limestone  or  cal- 
careous chert,  weathering  buffi  and  jninky,  at  top;  grading 

downwards  into  tliin-  to  niediinn-bedded  dark  calcareous 
impure  cliert  and  siliceous  shale,  weatherino-  in  part  to  a 
darker  brown. 

The  trilobite  zone  of  tlie  upper  Shriver  of  central  Tennsyl- 
vania  occurs  in  the  upper  10  feet  of  these  beds.  The  Mciu- 
Ithifiia  jiUcafa  zone,  with  Orhicidoiflcd  jcrrciifiisf,  BoUia 
sa(/ittaforiii  is,  B.  h ii ri/eiieri,  and  Aca nth oscii pha  podiif/onaUs, 
occurs  in  the  lower  40  to  50  feet. 

The  triloljite-bearing-  fauna  was  collected  at  110  to  105  feet, 
as  follows:  Edriocriints  near  E.  sacculus,  but  small,  (r)  ; 
PJati/orthis  phi  iiocoii  vc.ra  and  var.  with  very  larg-e  cardinal 
jjrocess  (c)  ; Leptosi  roph  in  oriskiui  in  (c)  ; Bruch  i/prioii 
Kch  iichcrtaii  inn.  externally  punctuate  (c)  ; "Bpirifer”  niiirchi- 
soni  (a):  “k."  trihiiiiriiisf  (c);  Mei/dhintcris  ordlis  (r)  ; 
Meristclld  sp.  (c)  ; Din ptioi  dstonid  dcsnidtinn  (c)  ; D.  ventri- 
cdsiini:’  (r):  Tcntdciilitcs  cloni/dfiis  (T.  rerdsif)  (c)  ; Acid- 
dspix  ( Lcoiidspis)  tiihrrciildtiis  var.  (r)  ; Bi/nphorid  n.  sp.  (c)  ; 
Bdllid  dincricdiid  and  var.  xiipoeorn  is  (c),  B.  cristata  (c)  ; 
Thlipsiirclld  sccoclrftd  (c). 

The  Metdplasid  plicdtd  fauna  was  collected  in  underlying- 
beds  as  follows:  Pholidops  tnniidd  (c)  78-70,  (?c)  67,  (c) 
63-61:  Orbiciiloidcd  jcrvcnsisf  (a)  75-70,  (r)  58-52;  Platijor- 
this?  sp.  (r)  90-91;  Bchizophorid  cf_  S.  in  iiltistridtd  (r) 

90-91  ; Cdnidrotocch  id  sp.  (c)  90-91  : ‘hBpirifcr"  cf.  "k.”  ci/ciop- 
teriis,  concentric  lamellae  too  close  set  for  “k.”  frihiiUs  (c) 
90-91;  MetdpUlsia  plicdtd  (e)  87-84,  (c)  78-75,  (a)  75-70,  (c) 
67,  (r)  63-61,  (r)  58-52;  Anoplothecd  dichotonui  (aa)  98; 
T.  fidbelUtes  (c)  87-84;  Mciidhinteris  ininidtiirn  (c)  91-90, 
(c)  87-84,  (c)  78-75;  TcntdciiUtcs  eloni/dtiis  (T.  reedsif ) 

(c)  87-84,  (aa)  78-75;  Pdrdbolbina  linibdtd  (r)  70;  Bollid 
americdna  and  var.  zi/i/oconiis  (c)  78-75,  (r)  75-70,  (c)  67; 
Bollia  Sd(/ittafonnis  (r)  98,  (r)  91-90;  B.  biiri/eneri  (r) 

90-91,  (c)  78-75,  (c)  75-70,  (c)  67;  KirhbijeUd?  rentricosd 
(r)  90;  Thlipsiira  confliicns  (c)  87-84,  (c)  75-70,  (c)  67,  (c) 
63-61;  T.  robnstd  (r)  67;  T.  tricornis  (r)  98;  Thilipsiicelld 
secoclcfta  (c)  75-70;  T.  orthocicftd  (c)  75-70,  (c)  67;  Aciin- 
thoscaphd  pentdffonalis  (c)  75-59;  T iibiiUbdirdin  tiibiiliferd 
(c)  87-61. 

Thin-bedded  to  blocky  highly  siliceous  somewhat  calcareous 
shale  and  much  thin-bedded  dark  impure  chert,  the  chert  not 
exhibiting  a typical  cherly  luster.  Anoplothecd  flabellites 
(r)  48,  19. 

H'S’iily  siliceous  somewhat  calcareous  shale  nr  iTnpure 
chert,  weathering  blocky. 

HELDEKBEEG  GROUP: 

Mandata  Shale  : 

Somewhat  siliceous  shale,  blocky  below,  thin-bedded  to 
fissile  above.  Possibly  Shriver. 

hissile  shale,  piartly  concealed  in  upjier  jiart,  but  upper 
2 feet  exposed. 

New  Scotland  Limestone  : 

Thick-bedded  gray  finelv'  crystalline  limestone  and  some 
interbedded  chert;  9-inch  bed  of  shale  in  U2ix)er  part.  In 
upper  half:  Rhipidoinclld  obliitd,  Isorlhis  pcrcdci/diix, 

Leptostrophid  beckii,  Brhiichci  tclln  iroolirorthdiid,  Chonostro- 
phid  helderbcrgide,  Edtonhi  niedidlis,  Atrnpd  reticiihirisf, 
Eospirifer  macroplciiriis  (a),  -‘Spirifer"  pcrlii nicllosiis.  In 
lower  half:  Isorthis  perdci/d  ns,  Lcptostrojihia  iihi  n iiUil  ii  f , 
Eatonia  viedialis. 
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Feet 

T'nit.  Total 


Thick-bedded  light  gray  limestone  and  interbedded  chert, 
with  6 inches  of  brown  shale  at  top.  These  and  the  next  un- 
derlying beds  were  included  in  the  Coeymans  by  Reeside, 
who  reported  the  following  fauna:  Htrophendonta  umtir'' 
Hcliucliertclla  sp.,  Gijpidula  coeymanensis,  Atnjpa  reticularin, 
Meristella  sp.  The  writer  did  not  find  Oypidula  coeijmanensin 
in  the  corresponding  beds  at  Painterville,  and  is  tentatively 
including  these  strata  in  the  New  Scotland.  If  the  identifica- 
tion of  Gypidiila  coeymanensis  at  this  horizon  is  not  an  error, 
Reeside’s  classification  would  be  correct.  3 

Dark  gray  calcareous  shale  and  interbedded  thin  laj'ers  and 
large  nodules  of  lim-Stones.  Linnula  sp.,  Lcptaena  rhomi)oid- 
alis,  Lcptostrophia  planulata?,  ^chuchertella  icoolworthaiia, 
Choiictes  sp.,  Orthoccras  sp.,  ostracoda  near  top_  ly^ 

Coeymans  Limestone  : 

Thick-bedded  crystalline  blue  limestone,  somewhat  arenace- 
ous; some  nodules  of  black  chert.  At  51/2  feet:  Isorthis 

perelegans? , Leptaena  rhonihodalis,  Gypidula  coeymanensis, 
"Spirifer"  cycloptcrus.  3 to  2 feet:  PhoJidops  ovata,  Rhipido- 
tnella  ohlata,  Stropheodonta  arata,  Strophonella  leaven- 
ivorthana,  "‘Spirifer'”  cyclopterus,  Phacops  logani,  Dahnan- 
ites  sp.  6 

SILURIAN  SYSTEM: 

KEYSEE  LIMESTONE: 


Thin-bedded  dense  dark  limestone.  Leperditia  sp.  1 

Thick-bedded  dark  graj^  dense  limestone,  1 foot  of  shaly 
limestone,  weathered  vellow,  at  middle.  sy. 

Shale.  ‘ 2 

Dense  limestone,  lower  3 feet  xilaty.  4 

Concealed,  with  2 feet  of  platy  limestone  at  middle.  13 

Impure  platy  limestone  weathering  yellowish.  8 

Dense  limestone,  thick-bedded  above,  m two-incli  layei-s 
below.  2Vg 

Concealed.  I61/2 

Concealed  below ; 6 inches  of  banded  dense  limestone  at  toj). 
Meristella  sp.,  Tentaculites  gyracanthus.  1% 


Thin-bedded  dense  to  finely  crystalline  dark  gray  impure 
limestone.  The  Renssclaeria  mutahilis  zone  occurs  in  these 
and  underlying-  beds.  In  upper  6 feet:  Eryozoa,  Plwlidops 
ovata,  Schuchertella  interstriata? , TJncinnlus  keyserensis, 
Meristella  sj).,  Renssclaeria  m HfahiHs,  R.  ohiusa,  R.  keyser- 
ensis, jjelecyxioda,  Tentaculites  gyracaiilhus,  Orthoccras  cf.  O. 


pauciseptum.  In  lower  4 feet:  Dalntanella  sp.,  Schuchertella 
prolifica,  Beachia  proavita,  Tentaculites  gyracanthus.  101/2 

Concealed.  6 

Shaly  limestone,  with  thin  purer  layers.  Pholidops  ovata, 
Dalmanella  concinna,  Vncinulus  keyserensis,  “Spirifer”  ranux- 
enii  var.  prognosticus,  Beachia  proarita.  3 

Light  blue-gray  coarsely  nodular  shaly  limestone,  t'nrinulus 
keyserensis,  "Spirifer"  vanu.remi  var.  /irfiynosticus,  Rcnssc- 
laeria  keyserensis,  3 

Thin-bedded  gray  crystalline  limestone.  Pholidops  ovata, 
“Spirife?-”  vanuxemi  var.  prognosticus,  Rensselaeria  mutahilis.  3 

Thin-bedded  finely  crystalline  blue  gray  limestone ; ujiper 
21/2  feet  thick-bedded.  6 feet  above  base:  Pholidops  ocaiu, 
Balmanella  concinna,  Atrypa  reticularis,  Merista  typa.  914 


4V2 

1% 


6 

196 

195 

189y, 

I87y; 

1831/2 

1701/2 

1621/2 

160 

1431/2 

142 

1311/2 

1251/2 

1221/2 

1191/2 

II61/2 


* It  is  probable  that  Reesicle's  material  was  S.  rnristrinta,  not  8.  nrala. 
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Feet 

Unit  Total 


Impure  slialy  limestone,  -with  interbedded  harder  layers. 
Concealed  2 to  6 feet  above  base.  1 foot  below  top  : Pholidops 
ovata,  Rensselaeria  mutabilis.  Near  base:  Dahnanella  con- 
cinna,  Leptaena  rlwmboidalis,  Stroplieodonta  bipartita,  Cama- 
rotoechia  litchfleldcnsis,  Atrypa  reticularis,  “Spirifcr”  vunux- 
e)iii  var.  prognosticus. 

Dark  gray  crystalline  limestone.  Stropheodonta  bipartita, 

crista  typa,  Rensselaeria  mutabilis,  Calymene  eamcrata. 

Thin-bedded  limestone  and  calcareous  shale.  Leptaena 
rhomboidaUs,  Stropheodonta  bipartita,  Schuchertella  declc- 
erensis,  "Spirifer’'’  vanuxemi,  Merista,  typa,  Calymene  cam- 
erata. 

Thick-bedded  lumpy  impure  limestone.  Gypidula  coeyma- 
)ie)isis,  Merista  typa  near  base. 

Thick-bedded  scarcely  nodular  iuiinire  limestone^  The  base 
of  this  bed  is  180  feet  north  of  middle  of  entrance  to  bridge 
to  Mount  Rock.  This  and  adjacent  beds  contain  the  Gypidula 
prognostica  subzone.  Ortliostrophia  strophomenoidesf , Gypi- 
dula prognostica  (a),  Stenochisma  sp.,  “Spirifer"  octoco- 
status,  Merista  typa,  Atrypa  reticularis.  The  top  of  this  bed 
is  believed  to  be  40.6  of  the  Keyser  section  as  described  by 
Eeeside. 

Thick-bedded  lumjjy  finely  crystalline  to  dense  argillaceous 
limestone.  Weathered  surfaces  in  part  rutted  parallel  to  the 
bedding.  Rather  coarsely  crystalline  and  somewhat  less 
lumpy  41/2  to  6y.,  feet  above  base.  In  upper  5 feet:  Rbipido- 
mella  emarginata,  Dahnanella  clarki,  Leptaena  rhomboidaUs, 
IStrophonella  geniculata,  S.  leavenworthanaf,  Schuchertella 
deckerensis,  Stenochisma  deckerensis,  Gypidula  prognostica, 
Atrypa  reticularis,  Nucleospira  sp.,  Goldius  barrandi,  Cypha- 
spis  sp.,  Calymene  camerata.  In  lower  5 feet:  Stropheodonta 
bipartita,  Schuchertella  deckerensis,  Chonetes  jerseyensis, 
Stenochisma  deckerensis,  Atrypa  reticularis. 

Medium  to  thick-bedded  coarsely  crystalline  gray  crinoidal 
limestone,  not  lumpy. 

Thick-bedded  dark  blue  finely  crystalline  limestone, 
weathei'ing  blue-oray.  luni]jy.  Lo-west  foot  thin-l)cdded. 
“Spirifer"  modestus  near  base. 

Thin-beddcd  dense  to  finely  crystalline  dark  blue  lime- 
stone ; in  part  appears  thick-bedded  -where  not  much 
weathered,  but  after  weathering  breaks  into  beds  1 to  3 
inches  thick.  These  are  the  lowest  beds  exposed  directly 
along  the  roadside.  They  were  included  in  the  Tonoloway 
limestone  by  Eeeside.  Their  top  is  218  feet  north  of  middle  of 
entrance  to  bridge  leading  to  Blount  Rock.  Leperditia 
scalaris,  Zygobeyrichia  barretti  are  common  at  numerous 
horizons. 

Thick-bedded  dense  to  finely  crystalline  dark  blue  lime- 
stone; somewhat  lum^Dy,  esp)ecially  31/2-61/0,  9-13  feet  above 
base.  Leperditia  scalaris  commmi  at  numerous  liorizons. 

TONOLOWAY  LIMESTONE  : 

Concealed.  (Keyser?). 

Thinly-lam'nat'-'d  mnsily  dense  dnrk  drab  limestone.  In  part 
weathers  platy ; in  part  is  tan-colored  and  earthy  on  broken 
surface.  Exposed  to  west  of  road,  beside  old  building  used 
as  a garage. 

Concealed. 


91/2  107 

5 971/2 


6 93/, 


86V2 


31/2  791/0 


16  76 

13  60 

6 48 

20  43 

O >)  ‘> 

1 28 

34  34 
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SECTION  5:  NEAR  MANDATA,  NORTHUMBERLAND  COUNTY, 

PENNSYLVANIA 

Kej’ser,  Xew  .Scotland,  and  Oriskaiiy  beds  are  well  exposed  along 
the  highway  to  Berrysburg,  about  Vt  mile  south  of  IMandata  (Bnfl 
Knn),  and  about  4 miles  northeast  of  Dalmatia,  Northumberland 
County,  I’ennsylvania,  in  the  area  of  the  IMillersburg  Quadrangle  of 
the  U.  S.  Geological  .Survey.  The  section  is  at  the  western  end  of 
one  of  a line  of  knolls  made  by  the  (Iriskany,  Ilelderberg  and  Keyser 
beds.  The  lower  Keyser  is  almost  continuously  quarried  along  this 
knoll,  the  quarry  rock  including  both  the  Leperditia  scahtrk  beds  and 
parts  of  the  overlying  lumpy  limestone. 

White  (229)  descidbed  the  occurrence  of  8 feet  of  Stormville  sand- 
stone at  the  base  of  the  .Stormville  shale  at  the  Emrick  and  Lebo 
quarry  near  Bull  Bun  (IMandata).  Beeside  (]67 ; p.  217)  stated  that  a 
sandy  limestone  6 feet  thick  occurs  at  the  quarry,  is  overlain  by  shale 
carrying  Eoapirifer  macropleuni.'^,  and  is  probably  Coeymans  in  age. 
One  of  the  quarries  in  the  knoll  just  east  of  the  highway  section  is 
reported  to  be  the  old  Emrick  quarry,  and  may  be  the  quarry  referred 
to  by  White  and  Beeside.  Some  loose  sandstone  was  seen  on  the 
bank  above  the  hanging  wall  of  this  quarry,  but  no  Coeymans  fossils 
Avere  observed  in  it.  No  Coejunans  beds  were  located  near  the 
({uarries  by  the  writer,  and  in  the  higlnvay  section  the  Coeymans 
horizon  is  unfortunately  covered.  There  are,  however,  some  thin 
sandy  layers  and  laminae  in  the  uppermost  Keyser. 

The  following  section  Avas  measured  along  the  Idglnvay. 


DEVONIAN  .SYSTE:\1: 

OKISKAXY  GROUl’:  . I'eet 

Unit  Total 

Dark,  relativeby  pure  cliert  in  layers  (i  to  12  inches  thick. 

Tlie  cherts  tend  to  weather  whitish,  and  eA'idently  correspond 
to  the  whitish  cherts  occurring-  below  fossiliferous  Oriskany 
sandstone  beds  in  the  sections  near  Dalmatia.  19  19 


IIELDEEBEKG  GROUP: 

M.vnd.ata  Shale  axu  Chert  : 

Thin-bedded  shale,  weatliering-  yellowish  to  greenish.  Base 
and  top  concealed.  Xo  fossils  observed:  age  uncertain.  24  91 

-Medium-bedded  impure  dark  chert  and  interbedded  ilai-k 
gray  shale.  A 6-  to  9-incli  l)ed  of  impure  limestone  at  7 feet. 

Chert  predominant  llVs  feet  to  20  feet  above  base.  Pholi<loi>-': 
s]>.  (c)  58;  Levcnca  gKhvurinatd  (c)  75,  (c)  58;  Lcptaeua 
rhoinboiduUs  (c)  75;  Lcptariil.'ird  r(>iic(iru  (c)  75,  (c)  68; 

Lcptostriiph  i((  heckii  (c)  75,  (c)  68;  Stroplioiirlhi  pinictKlifcra 
(r)  7.Q  EaidiiUi  siiiiinhirix  (c)  75:  [' itriiiiilus  sp.  (r)  75; 

“Spirifcr”  curloptrnix  and  var.  (<i(()  75.  (a)  58:  “.s'." 

perld  III  cllosii  s (a)  75,  (c)  68,  (r)  58:  <'i/rlliid  itdliiidiii  (r) 

75,  (r)  58:  Atrppiiid  iiiihrinitd  (c)  75:  1' nnt  dt  oxpird  iiilllli- 
stridtd  (c)  75,  (r)  58;  A iiophit  li  I'cii  ritiicdrii  (a)  75,  (aa)  58; 

Afcrixfclld  sj).  (c)  75;  Rciisxrldirid  sp.  (r)  75;  Trii  Idcii  I itcx 
sj).  (i-)  58;  Ihiliiidiiilcx  sp.  ( r ) 118;  liv/irivli  id  n.  sj).  (r)  58; 

Allipli  isxitcs  sp.  (c)  58;  Thlipxurd  n.  sp.  (r)  58.  20  67 

Thin-bedded  dark  gray  shale,  weatliering  greenish  to  brown, 
and  a few  interbedded  laA'ers  of  very  im]mre  chert.  Pholidopx 
.s]5.  (c)  45;  Jjcvencd  siilirdriiiiitd  (c)  45;  Lcptdciid  rhoiiilidi- 
ildlix  (c)  42;  Kdtnnid  iiiiiUdlis  (c)  45,  (e)  42;  E.  xi  ii  (/ iild  rix 
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(e)  45;  E.  peculiuris  (r)  45;  Eospirifer  niacroitlciirus  (v) 
45,  (c)  42;  cilcloiitciHfi  (a)  45.  (c)  42;  Atriiiihia 

illihricata  (r)  45;  AnoploUicca  coiicani  (c)  45.  (a)  42. 

Tliin-beddecl  graj'  shale.  Aveathering  g-reenisli  brown,  and 
4 interbedded  layers  ot  dark  gray  finely  crystalline  lime- 
stone, the  third  layer  from  base  12  to  1(1  inches  thick.  At  top 
is  a 3-  to  6-inch  layer  of  dark  chert,  resting  on  the  to])nnjst 
limestone  bed_  At  3Ttt  feet:  cf.  Lciitani  i.^ica  ronrarit  (r), 
Lei)tostioi>li  ii(  hccl'ii  (c),  Eatouia  iiicdialiti  (r),  Eosjiirifrr 
Jiiacroiilciinis  (a),  ci/rloptcnni  (c),  Ajiophitlicca 

roiicar/i  (a)  cf.  'J’r('iiiato.‘<iiif(i  (’(/iiixti’idta  (r),  Mcrixtilhi 
sp.  (c). 

Thin-bedded  shale  Aveatliering  greenish;  a 4-inch  bed  of  im- 
pure limestone  at  5 feet.  At  21  to  23  feet:  Lccciicd  xuh- 
cdriiidta  (c),  Lcptoxtrophid  heckii  (c),  EcluicUertcUn  icool- 
ivorthdUd  (c),  Edtddld  iiiedidlix  (a),  E.  siiiyiildris  (r), 
Eospirifcr  iiidrroplvdnix  (c),  ‘'lApirifcr’  pcrUiincUosdx  (c). 

Concealed. 


Feet 

I'nit  'total 


14'/,  47 


8'/.  32'/:, 


20  24 

4 4 


Xew  Scotland  Limestone  : 

'Thick-bedded  crA’stalline  blue  gray  fossiliferous  limestone, 

])artly  concealed.  A 4-  to  8-inch  layer  of  chert  at  5V?>  feet 

above  base.  Eoxpirifcr  niacropleunis  not  seen  in  place,  but 

occurs  on  loose  slabs  of  the  chert.  At  5 feet:  Strcptehixiiid 

sp.  (c),  fenestellid  and  branching  br3'ozoa  (c),  Isorthis 

perelegans  (a),  “Epirifer”  cpeloptenis  (c),  Elii/iichospii-a 

fonnoxd  (r),  Acti)ioptcrid  f sp.  (r),  Phdropx  lojidtii  (a).  ii  !) 

CoEYMANs  Limestone  (?)  : 

Concealed.  Coeymans  beds  ma.v  be  in-csent  in  this  inteinal, 
but  have  not  definitely  been  located  in  the  Dalinatia-Mandata 

cl  16a.  (j 


SILUmAX  SYSTEM: 

KEYSER  LIMESTONE  : 

'Idiin-bedded  blue  fineh-  crj'stalline  to  dense  limestone.  Some 
thin-bedded  calcareous  shale  114  to  3 feet  above  base.  Beds 
above  the  shale  are  in  part  laminated  and  weather  platj'.  In 
])art,  there  are  thin  saiiflv  laminae  Avhich  show  in  relief  on 
the  weathered  surface.  At  top  is  a 1-inch  layer  of  medium 
grained  calcareous  sandstone,  containing  Leperditia  sp. 

J^eperditias  also  occui'  at  37  feet.  It  is  possible  that  these 
beds  represent  part  of  the  samE'  limestone  reported  bj'  IVhite 
and  Keeside:  but  both  the  lithologw  and  the  le])erditias  indi- 

39 

30i/o 

25 
1 6 

(i 

Concealeit  for  some  ilistaiiee  to  south.  Aloutli  of  a higii^vay 
culvert  about  TO  feet  south  of  the  measured  section.  .Luin]iv 
Ive.vser  limestones  are  exposed  for  some  distance  south  of  the 
culvert.  A road  leads  west  from  the  highwaj'  about  300  feet 
farther  south. 


>aie  inai  uie\  are  iveA'ser  and  not  t oeiunans  in  age. 
Concealed. 

'Thin-  to  medium-bedded  gray  fineli'  crA'stalline  impure  lime- 
stone. A Mi-idch  layer  of  dark  chert  *2i/,  feet  above  base. 
Beds  3 to  9 feet  are  largeli'  laminated  and  Aveather  platA'. 
Concealed. 

Ihin-  to  medium-liedded  blue  graj'  :tinel_y  ci^a’sI alline,  in 
part  laminated  limeiStone. 


9 

10 
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SECTION  4;  AT  CLARKS  MILL,  PERRY  COUNTY,  PENNSYLVANIA 

The  upper  Tonoloway  and  Keyser  limestones  are  fairly  well  ex- 
posed, together  with  a skeleton  section  of  overlying  New  Scotland  and 
Oriskany  beds,  along  the  highway  to  Marklesburg,  about  % mile 
north  of  McKee  and  2 miles  northwest  of  New  Bloomfield,  Perry 
County,  Pennsylvania,  within  the  New  Bloomfield  Quadrangle  of  the 
U.  S.  Geological  Survey.  The  section  is  just  opposite  the  old  Clarks 
Mill,  which  stands  at  the  intersection  of  the  highway  with  a road 
branching  to  the  west.  It  is  along  the  right  of  way  of  the  defunct  New- 
port & Sherman  Valley  Railroad. 

This  section  was  described  in  1885  by  Claypole  (72;  p.  182).  He 
recognized  below  the  Oriskany  sandstone  and  “yellow  flint  shale,” 
black  cherty  limestone  8 feet,  Clark’s  Mill  lime  shales  150  feet.  Lewis- 
town  limestone,  100  feet.  In  1913,  C.  K.  Swartz  (204;  p.  105)  pointed 
out  the  Keyser  age  of  Claypole ’s  “Clark’s  Mill  shales,”  the  Ton- 
oloway age  of  his  Lewistown  limestone.  The  Keyser  and  Tonoloway 
beds  were  described  by  J.  B.  Reeside,  Jr.,  in  1917  (167  ; pp.  214-216). 
The  thickness  of  the  Keyser  according  to  Reeside  is  140  feet;  using 
the  traverse  method,  the  writer  has  obtained  175  feet.  It  is  clear, 
however,  that  both  Reeside  and  the  writer  have  placed  the  top  and 
base  of  the  Keyser  at  the  same  horizons.-  The  difference  in  measure- 
ment is  probably  due  to  the  fact  that  the  numerous  concealed  intervals 
make  it  difficult  to  determine  the  thickness  with  a ruler.  Because 
of  the  differences  in  details,  it  has  not  been  possible  to  fit  Reeside ’s 
extensive  identifications  of  fossils  into  the  section  here  given. 

DEVONIAN  SYSTEM : 

ORISKANY  GROUP : Unit  Total 

Mostly  covered ; but  with  a finely  conglomeratic  sandstone, 
the  quartz  pebbles  i/g  to  14  inch  in  diameter,  in  lower  2 feet ; 
much  loose  chert,  w-eathered  w'hitish,  and  some  sandstone  to 
810  feet  traverse ; much  loose  finely  conglomeratic  sandstone 
to  855  feet  traverse.  The  cherts  contain  a Clionoslropliia 
complanatus,  "'Spirifer"  iiivrchiaoiii  fauna. 

HELDERBERG  GROUP : 

MandxVTa  Shale  and  Chert; 

Mostly  concealed.  Beginning-  at  650  feet  traverse  there  is 
much  impure  chert,  weathered  yellowish  or  purplish  and 
punky,  slumped  but  embedded  in  yellowish  to  reddish  and 
some  whitish  residual  clay.  The  cherts  aijpear  to  be  defi- 
nitely in  place  677  to  688,  760  to  769,  778  to  782,  and  788  to 
791  feet  traverse.  Traverse  N21°E  to  791  feet;  highway 
culverts  at  685  and  77814  feet  traverse.  Brachiopods  are  rare 
in  these  impure  cherts  at  this  locality,  but  ostracoda  are  com- 
mon: Schuchertella  sp.  small  (r)  90;  TentacuUtes  sp.  (r) 

90  ; Ac'idaspis  sp.  (r)  52  ; Aechniina  n.  sp.  (r)  90  ; Pi/xiprimitia 
sp  (r)  90;  cf.  ParahoJhina  granosa  (r)  87;  BoUia  ztjgoconiU 
(r)  87;  Bollia  cristata  var.  (r)  63;  Thlipsura  n.  sp.  near  T. 
rohusta  (r)  52,  (c)  63,  (r)  70,  (c)  90;  Thlipsura  dawsi  n. 
sp.  (c)  81,  (r)  87;  Thlipsurella  muUipnnctata  (c)  52,  (r) 

63,  (c)  70,  (r)  81,  (c)  87,  (c)  90;  2\  lachrgmosa  n.  sp_ 

(r)  70,  (c)  87,  (r)  90:  Tuhulihairdia  tuhulifera  (c)  63,  (c) 

70;  Gavellina?  sp.  (r)  90.  These  ostracoda  correspond  closely 
to  those  of  the  Port  Ew^en  at  Experiment  Mills,  Pennsylvania, 
and  near  Kingston,  New  York.  Cherts  in  the  middle  and 
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'Feet 


Fnit 

Tota 

lower  part  of  this  interval 
near  Markle  School,  about  1 
Falling  Springs. 

contain  Eospirifer  niavropleurus 
mile  west  of  Clarks  iMill,  and  at 

80 

80 

A'ew  Scotland  P'oKiiATioN  : 

F'alling  Sj)rings  sandstone  member  ; 

Concealed,  with  much  loose  fairly  coarse  grained  sandstone, 
g'rading  in  part  into  whitish  chert.  The  sandstone  contains 
RhipidomeUa  oblata  (c),  Scliucliertella  icoolivorthana  (c), 

Eatonia  mediaiis  (c),  Eospirifer  indcroplciirus  (a),  ‘'Spirifer” 
perlamellosus  (c).  Thickness  of  the  sandstone  at  this  lo- 
cality is  uncertain  ; at  Falling  Springs  23  feet  are  exposed  20±  20± 


CoEYiiANs  Limestone  (?)  : 

Concealed,  with  much  loose  chert  and  some  sandstone  in 
residual  clay.  The  sandstone  and  some  of  the  chert  are  evi- 
dently loose  from  the  overlying  beds ; some  of  the  chert  is 
tliin-bedded,  gray,  and  may  belong  here.  Loose  crinoid  stems 
are  numerous;  GypiduJa  cocymanensls  is  common.  Traverse 
X2i°E  to  5T0  feet. 


SILURIAN  SYSTEM: 

KEYSER  LIMESTONE  : 

Laminated  impure  limestone,  weathering  platy,  gray. 

N78°E,  33°NW.  Traverse  N21°E  to  553  feet.  5 175 

Thin-  to  medium-bedded  tinely  crystalline  dark  gray  lime- 
stone, with  thin  beds  of  dark  chert  in  upper  5 feet.  Top  at 
traverse  N21°E  543  feet  along  roadside,  drop  5 feet  to  road 
level.  These  and  next  underlying  29  feet  of  beds  were 
measured  by  ruler  on  bank  of  old  quarry  pit,  a little  east  of 
the  line  of  traverse.  Reeside  reports  SchKchertella  prolifico, 

Meristella  praenuntia,  TentaciiUtes  (/i/racanthus  at  top  and 

base.  7 170 


Concealed.  11 

Thin-  to  medium-bedded  dark  blue  dense  to  finely  crystal- 
line limestone,  with  many  lenticular  fossiliferous  beds  abound- 
ing in  Meristella  praenuntia.  TentacuJites  f/yracanthus.  Beds 
containing  profuse  meristellas  are  especially  prominent  12  to 
14  and  17  to  18  feet;  beds  4 to  li  feet  above  base  contain 
Bryozoa  (c),  Meristella  praejiinitia  (aa).  Pelecypoda-  (c). 
Tentaculites  (jyraeanthus  (aa),  Klocdenella  sp.  Reeside  re- 
ports Orijienloidea  discus  (a)  8-3  feet  beloi\'  tlie  cherts  at 
165  to  170  feet  of  this  secton.  18 

Concealed ; base  of  overlying  limestones  xirojects  to  about 
455  feet  of  traverse  beside  road.  Reeside  reports  the 
Rensselaeria  mutaljilis  fauna  on  loose  slabs.  33 

Mostly  concealed,  with  a 4-inch  bed  of  dense  barren  lime- 
stone at  377  feet,  and  with  1 to  2 feet  of  medium-  to  thin- 
bedded  impure  limestone,  containing  a great  profusion  of 
small  branching  bryozoa,  at  top.  Some  fissile  greenish  shale 
loose  in  upper  part.  The  upper  limestone  also  contains 
Vncinulus  sp.,  large,  (c),  ''Spirifer”  vanuxcmi  (c),  Thlipseur- 
ella  n.  sp.  (c).  This  limestone  is  probably  the  1 foot  bed, 
crowded  with  a ramose  bryozoan,  at  97.4  to  98.4  feet  of  Ree- 
side’s  section.  Traverse  NM°E  to  388  feet.  N79°E,  3G°NtY,  12 
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Keet 

Unit  Total 


Kissile  calcareous  sliale,  weathering-  greenish,  and  some  thin 
Ijeds  of  argillacet)us  drab  gray- limestone,  partly  concealed. 
Traverse  X31°K  to  363  feet.  3 

Concealed  below,  with  a 6-inch  bed  of  hard  tinelj'  crystal- 
line dark  i:)lue  limestone  at  to]>.  Traverse  X21°E  to  339  feet.  11 
Thin-bethled  dense  to  finely  crystalline  dark  lilue  somewhat 
lumpy  argillaceous  limestcjne ; witli  several  thin  lenticular 
lieds  of  linely  crystalline  blue  limestone,  and  with  thin 
partings  of  calcareous  shale.  Lower  IVt  feet  concealed. 
'Traverse  X21°E  to  333  feet.  .\TT°i-;,  36°XW.  4 

Thin-bedded  finely  crystalline  darlv  blue  limest(jiie,  partly 
concealed.  Upper  3 to  3 feet  abounding  with  brj'ozoa  of 
massive  and  ramose  tv])es.  'Traverse  X31°E  to  336  feet.  8 

Dark  gray  finely  crj’stalline,  e.xli'emely  lumpy  argillaceous 
limestone,  weathering  out  in  small  rounded  nodules  commonlj' 

1 to  2 inches  in  diameter.  U])per  3 feet  less  lumpy  than  the 
i-emainder.  Traverse  X13°E  to  309  feet.  14 

'Thin-bedded,  in  ])art  somewliat  lumpy,  tinel_y  crystalline  to 
dense  dark  limestone,  with  thin  jjartings  of  greenish  calcare- 
ous sliale.  'Traverse  X13°E  to  283  feet.  X69°E,  37y2°X\V. 

Xear  base:  tStciioehi-siiKt  (Irckcrciisis  (c),  l\hyiichoai>ir(( 

(/lijhoaa  (a).  In  these  beds,  lleeside  reports 
III  Nit  if  asci<(t  /(■<:.  Chouvtvs  jrr.sriiciisis,  ('a  iiia  rdtocrli  id  litclifichl- 
rimiK,  Stciioch  hiiiia  luiiiclliitd,  S.  fiiriiio.'ia,  "t^iiiriffr"  iiiodcNtii-s, 

Ill  III]  CK I IIS  var.  /lUriiliis.  Itli  niicliosjiini  i/lohosa,  ostracoda.  30 
'Thin,  irregularly  bedded,  more  or  less  lumpj'  dark  blue 
dense  limestone,  somewliat  less  argillaceous  than  the  next 
underlying  beds,  and  tending  to  weather  bluish  gray.  'Top 
at  traverse  X8°'\Y  246  feet.  Liiicnlitiii  iscahiris  abundant  at 
several  liorizons.  Seven  feet  above  liase  : "Sjiirifcr”  iiioilcst iis 
III  ii-ii  I IIS  (c),  Li'jirrd  il  ill  sriilaris  (a),  Z iiiiiilicii  rich  in  harrctti 
(c).  Hizin/oiilciirii  sji.  (c):  4 feet:  "Siiirifcr”  iiiodcstiis  (r), 
IjCjirrd  it  ill  sciiliiris  (a).  Ziiiiiibciiricli  in  hinrctti  (a),  Kliic- 
driiiii  Cl  III  riilis  (a).  I ) iziiiiiiiilc  lira  s)i.  (c),  hJ  ii  I:  locd  cii  iiii 
sp.  (r).  13 

'Thin-,  irregularly  bedded  somewhat  lumpy  dense  to  finely 
crysb'illine  imjmre  limestone,  the  weathered  surfaces  greenish 
to  yellowish.  'There  are  some  thin  irregular  partings  of  cal- 
careous greenish  shale,  especially  3 to  13  feet  above  base. 
-Measured  with  ruler  to  east  of  traverse  line,  which  turns 
at  193  feet  and  runs  X8°’\V  to  246  feet.  Keeside  reports 
t<tciiiichisiiiii  liiiiiclliitii.  "Siiirifcr"’  rii ii iixciii  i (probably 
modest  IIS  plicat  iis ) , Rli  i/iicliiisiiirn  iilohusii . Lejicrd  itiii  sp.  13 

r(  iXOLOWAY  L I \I  ES'L’(  )X  E : 

Dense  drab  blue  limestone,  medium-beckled  at  top  and 
bottom,  thin-bedded  to  ]daty  at  middle.  Xot  lumjjy.  'I'raverse 


-\33°E  to  193  feet.  X76°.  37i/,°XW.  3 

'Thinly  laminated  limestone,  weathering  platy,  dove-gray 
to  yellowish.  X33°E  to  188  feet.  7 

'Thin-bedded  dense  dark  blue  limestone,  in  part  thinly 
him'nated.  'Pra verse  .\33°E  to  173  feet.  11 

Concealed  above.  Some  ini])ure  laminated  limestone  117  to 
127  feet  traverse  appears  to  dip  southeast,  hut  may  have 
slumped.  'Praverse  X33°E  to  149  feet.  14('.’ 


Laminated  dense  dai'k  blue  limestone,  mostly  weathering- 
])la1\'.  Base  seen  at  enti-ance  (if  old  dirt  road  leading  east 
from  higlnvay:  higher  beds  are  seen  in  small  cpiarry  pits  inst 
east  of  higln\ay.  Mostly  concealed  8 to  31,  36  to  70,  83  to 
117  feet  traverse.  'Traverse  X'1°E  to  117  feet.  .\t  83  feet  : 
X83°E,  36°XW.  68 

Concealed  to  south. 
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SECTION  8:  NEAR  WARREN  POINT,  FRANKLIN  COUNTY,  PENNSYLVANIA 

Ileklerberg'  and  Oriskany  beds  are  finely  exposed  along  Licking 
Creek,  near  Warren  Point  at  the  southwestern  tip  of  Franklin 
County,  Pennsylvania,  in  tlie  area  of  the  Hancock  Quadrangle  of  the 
U.  S.  Geological  Survey.  The  j:>rincipal  section  is  on  the  south  side 
of  the  creek,  where  it  bends  southward  across  the  Maryland  line,  and 
cuts  across  the  northeasterii  end  of  Elbow  Ridge.  It  is  several  hun- 
dred feet  west  of  the  bridge  cro.ssing  the  creek  about  1 mile  east  of 
Warren  Point  and  IC2  miles  southwest  of  Yeakle  Mill. 

The  Helderberg-Oriskany  sections  at  this  localitj’  were  studied  and 
described  by  R.  B.  Rowe  (Dissertation,  Johns  Hopkins  Tuiiversity, 
1900;  205;  pp.  176-178,  188-190).  The  follov.dng  lithologic  descrip- 
tion is  taken  largely  from  Rowe’s  work,  with  some  modification  by  the 
writer.  The  faunal  descriptions  are  by  Schuchert,  except  as  other- 
wise noted.  The  Coeymans  age  of  the  quartzitie  sandstone  at  the 
base  of  the  section  was  shown  by  C.  K.  Swartz  (205;  p.  178).  The 
sandstone  had  been  considered  Oriskany  in  age  by  early  workers, 
New  Scotland  by  Rowe  and  Ulrich. 

The  section  is  of  great  interest  because  it  shows  the  characters  of 
the  Helderberg  beds  in  their  most  easterly  belt  of  outcrop  in  this 
latitude.  The  area  is  isolated  by  folding  and  faulting  from  the  more 
northerly  and  westerly  outcrops  in  Pennsylvania  and  Maryland,  as 
can  be  seen  in  Figure  7.  The  stratigraphic  sequence  is  markedly  dif- 
ferent from  that  near  Warfordsburg,  only  7 miles  to  the  northwest. 
The  striking  changes  in  this  short  distance  include:  (1)  change  of  the 
Goeymans  formation  from  a somewhat  arenaceous  limestone  to  a 
((uartzitic  sandstone;  (2)  appearance  of  a fossiliferous  lime.stone, 
about  90  feet  thick,  and  containing  a late  Helderbergian  fauna.  This 
limestone  has  been  correlated  with  the  Beeraft  limestone  of  New  York 
by  Rowe  and  subsequent  workers.  It  is  believed  to  be  continuous 
southward  with  the  “Beeraft”  limestone  around  Monterey  and  Clifton 
Forge,  A^irginia  (F.  M.  Swartz,  207;  pp.  42-IJ).  The  writer  has 
pointed  out  that  this  limestone  is  largely  younger  than  the  Beeraft 
limestone  of  New  York,  and  is  evidently  in  part  equivalent  to  the  7>«/- 
nuniitcs  deniuius  zone  which  has  been  included  in  the  Oriskany  forma- 
tion in  New  Jersey.  The  name  Licking  Creek  limestone  is  here  used 
tor  it,  not  so  mneh  because  of  this  particular  difference  in  age,  but 
because  it  is  (.loubtful  whetber  tbe  member  was  ever  physically  con- 
tinuous with  the  type  Beeraft  of  New  York. 


DEVONIAN  SYSTEM: 

ORISKANY  GEOUP:  Unit  Total 

KinOEI.KY  S.CNDSTOSK  : 

Cherty  arenaceous  limestone  and  calcareous  samistone,  con- 
la  iniiio-  “«S'/n'r//rr”  (irciiosii.s  fauna. 


IIELDEKBEEG  GROUP  : 

Licking  Creek  Liwestone : 

Light  gray  limestone  free  of  chert.  Rhii>i(U)Wc11a  ahidid? 
(r),  Lei>taeiia  i houihoiddUfi  (r),  Rch  uchertcUa  wool irorthaiia 
(aa),  Rtrophoiiclla  iJinirtidifcro  (r),  Fatoiiia  (c), 

A’.  >ihi(/iilm-i,s  t ]■ ) , E.  iirriilitirin  (r).  PIrl  li  orli  inirli  a coin  p- 
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Feet 

Unit  Total 


hellana  (a),  "Spirifer”  concinnus^'^  (aa),  "S.”  cyclopteriis  (a), 
Anoplotlieca  concava  (rr),  Meristella  arcuata  (c),  Renssel- 
(irria  suhfilohosa  (aa),  Lepiosirophia  hlainvilli  (a)  35 

Lig'lit  gray  limest(jiie,  with  numerous  layers  of  black  chert.  30 

Thick-bedded  light  gray  limestone  with  a few  nodules  and 
one  or  two  layers  of  chert.  5 to  10  feet  above  base  the  writer 
collected  Rliipidomella  ohlata  var.  (R.  assimilis? ) (c), 

Leptaena  rhomhoidalis,  large  (c),  Hfkiichertellu  ivoolwortli- 
iinu  (c),  Chonetcs  lumf iilociistata  (r),  Eutoiiia  wediaUs  (c), 

E.  sinpularis  (c),  '^Spirifer”  vpclopterus  (a),  “-S.”  concinnns 
(r),  Anoplotlieca  concava  (c),  Rensselaeria  suhi/lohosa  (r), 
Leioptrria?  sp.  (r).  Schuchert  reported  “<S'p (/•)/(>/■”  conciirnu>i 
(a),  Plethorhyncha  camphellana  (r).  25 

Mostly  black  chert  in  irregular  layers ; some  interbedded 
limestone  near  top.  17 


87 

63 


13 


17 


Mandata  Shale  (?)  : 

Concealed.  There  is  a marked  bench  at  this  horizon,  and 
the  beds  are  nowhere  exposed.  It  is  probable  that  much  of 
this  interval  consists  of  shales  like  the  next  underlying  beds, 
and  that  they  have  weathered  back  because  tliey  are  less 
resistant  than  the  adjacent  cherty  limestones.  35  39 

Dark  gray  calcareous  shale  or  very  imimre  limestone, 
weathering  buff,  porous.  Upper  half  very  fossiliferous,  con- 
taining Octonaria  thUpsurelloides  zone;  Pholidops  ovata  (aa), 
Rliipidoiitella  ohlata.  (c),  Lcptostrophia  planisulcata  n.  sp 
(a),  Ij.  liccJxii  (c),  Etrophoiiella  genicuJata  (r),  Hcliuehcrtella 
woohcorthana  (r),  Eatonia  singularis  (r),  “Spirifer”  cyclop- 
terns  (a),  "8.”  concinnns  (?)  (r),  Rensselaeria  sp.  (r),  Bollia 
schinidtella  s)5.  (r),  llollia  cristaia  and  vars.  (c),  Para- 
zyyocornis,  node  weak  (r),  Py.vinrimitia  n.  sp.  (rr),  Octo- 
naria tlilipsurelloides  (a),  Thlipsura  rohusta  var.  (a), 

Thlipsurella  n.  sp.  (c),  Cavellina  sp.  (c),  Tuhulihairdia 
tuhulifera  (c).  4 1 


New  Scotland  Limestone  : 

Thick-bedded  light  gray  limestone  with  much  interbedded 
chert  tending  to  \veather  whitish.  Eospirifer  macropleitrus 
(a)  throughout,  together  with  Leptaena  rhoniboidalis, 

Btrophonvlia  pinictulifera,  Ulcristellu  arcuata.  1 1 28 

Thick-bedded  gray  limestone.  Near  the  base  the  writer  col- 
lected Isorthis  pereleyans  (a),  Leptaena  rhomhoidalis  (c), 
Leptostrophia  planulata?  (c),  Schuchertclia  woolwortliana 
(c).  near  tojj,  Eospirifer  inacroplcurus  (e).  7 7 

CoEYMANS  Limestone  : 

Elbow  Eidge  sandstone  member : Thick-bedded  quartzitic 
sandstone,  some  crinoid  stems;  Rliipidomella  ohlata  (r)  near 
top.  On  a road  crossing  the  crest  of  Elbow  Eidge  just  south 
of  the  Maryland  line,  C.  K.  Swartz  collected  (1913:  178): 

Favosites  lielderheryiae,  Pleurodictyum  lenticulure,  Rliipido- 
rnella  ohlata,  Leptaena  rhomhoidalis,  Strophonella  punctu- 
lifera,  Gypidula  coeymanensis  (a).  10  10 

ConceaUd  to  west.  The  thickness  of  the  Keyser  in  this  out- 
crop belt  has  not  been  determined. 


Mostly  "S.’’  aroosluokensis,  see  plate. 
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SECTION  3;  NEAR  AUBURN,  SCHUYLKILL  COUNTY,  PENNSYLVANIA 

Keyser,  Helderberg,  and  associated  beds  are  absent  at  the  folloTving 
section,  along  the  country  road  on  the  east  side  of  the  Schuylkill 
one  mile  southeast  of  Auburn,  Schuylkill  County.  Pennsylvania,  in 
the  area  of  the  Pnttsville  Quadrangle  of  the  U.  S.  Geological  Survey. 
The  section  was  measured  by  C.  K.  Swartz  and  F.  i\l.  Swartz. 

The  writer  believes  that  absence  of  the  Keyser  and  Helderberg  beds 
at  this  locality,  and  probablj"  westward  toward  the  eastern  tip  of 
Perry  County,  is  due  to  unconformity;  the  structure  may  also  be 
complicated  at  pLaces  by  faults.  The  stratigraphic  relations  leading 
to  this  conclusion  are  discussed  elsewhere. 

DEVONIAN  SYSTEM : 

MIDDLE  DEYOXIAX  SHALE : 

Black  shale.  f<tiiUoJuin  titmiirrlJa 
Concealed. 

ONONDAGA  LIMESTONE : 

Fossiliferous  limestone.  Atiniris  xpirijeroidrs,  etc.  18  20 

Concealed.  ' 8 8 

ORISKANY  (PALMERTON?)  SANDSTONE: 

Thick-bedded  conglomeratic  sandstone.  Pebbles  commonly 
rarely  V2  inch  in  diameter.  3 3 

SILURIAN  SYSTEM: 

BLOOMSBURG  RED  BEDS  : 

Alternating  red  and  green  sandstone  and  shale.  27  feet  at 
top ; red  sandstone  and  shale,  verj^  thick,  belov. 

SECTION  2:  ON  NORTH  SIDE  OF  BRODHEAD  CREEK.  MONROE  COUNTY, 

PENNSYLVANIA 

Helderberg  and  Oriskany  beds  are  well  exposed  along  the  tracks  of 
the.  Erie  (Netv  York,  Susquehanna  and  Western)  Railroad,  on  the 
north  side  of  Brodhead  Creek,  just  east  of  Minisink  Mills,  about  1 
mile  north  of  Delatvare  Water  Gap  village,  and  2 miles  east  of  East 
Stroudsburg,  hlonroe  County,  Pemisylvania.  The  section  is  at  the 
northern  edge  of  the  Delaware  Water  Gap  quadrangle  of  the  U.  S. 
Geological  Survey,  opposite  the  highway  bridge  leading  east  over 
Brodhead  Creek  toward  Shawnee-on-Delaware. 

This  section  was  described  by  I.  C.  White  in  1882  (228;  pp.  239. 
240)  under  the  name  Experiment  Mills  section.  It  was  also  described 
by  the  writer  in  1929  (2C8)  from  notes  based  on  a trip  to  the  locality 
with  students  in  1926.  The  strata  between  the  sandstone  beds  of  the 
Oriskany,  and  the  Stormville  conglomerate  member  of  the  Coeymans, 
were  included  by  AYhite  in  his  “Stormville  shale.”  The  writer  in 
1929  pointed  out  that  this  shale  is  a composite  unit,  apparently 
including  equivalents  of  the  Ne-w  Scotland,  Becraft,  and  Port  Ewen 
as  seen  farther  north.  This  view  has  proved  to  be  correct,  except 
that  the  upper  60  feet  of  the  “Stormville  shale”  as  described  in 
1929  are  now  believed  to  be  Oriskany  in  age. 

Bearings  are  magnetic,  the  traverse  beginning  at  the  west  abutment 
of  the  railroad  bridge  over  the  highway  to  Shawnee-on-Delaware. 


Feet 

L"nit  Total 
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DEVONIAN  SYSTE.M  : 

Feet 

OKISKAXY  GKOUF:  Unit  Total 

Thiek-beddeil  siliceous  limestone,  black  chert,  and  coarse- 
grained sandstone,  55  feet,  above;  fliick-bedded  siliceous  shale, 

(iO  feet,  below,  with  lenses  of  dark  chert,  weathering  rusty,  in 
lower  2 feet.  Xear  base:  X(iO°K,  74°XW. 


HKLDERBEEG  GROUP: 

Port  Ewen  Shale  ; 

Dark  gray  somewhat  siliceous  shale,  weathering-  ashy  to 
brownish  gray.  These  beds  are  slightly  less  resistant  than 
the  overlying  strata.  Traverse  X4(;°W  to  G6C)  feet.  Lenses 
of  impure  limestone  1 foot  Ijelow  to|)  contain  Rhipidomclla 
wiiNciiloNd  (rr),  Choiirtcs  (iroo.stookcii.sis  (a).  O.  pii.sl 
l(it<i  (a).  Edlania  wcdidlis  (c),  E.  sitn/iildris!  (c),  "l^iiirifcr'' 
rddc'nnnoi  (c),  somewhat  more  transverse,  ribs  a little 
strongei-  than  typii-al,  "k.”  in  iircli  i.soii  i (r),  i-f.  EciixKrldrrid 
xiihf/lohosd  (r),  Pteridcdf  s]l  (c),  Hodidlonotiia  rdiui.rrmi 
(c),  Dahnanitcs  sii.  (not  D.  dcniutus)  (a)  Phdcops  lor/dnif 
(c),  Pdrnsclnuidtf'lld  dormoitinivtdld  (c),  Acchntina  n.  sp. 

(r),  Ulrirliia  dffiiiin  (rr),  Bollid  cristdtd  var.  (r),  Kloedciiiu 
IHiiicI  iiJoj)d,sfdld  n.  s]).*  (r),  Tliliiisin'd  ddd'Si  n.  sj5.  (a),  T.  2 
n.  s]x,  near  T.  rohiistd.  (aa),  Thlipsiirclld  iiiditijidncldtd 
(aa),  7’.  Idch  rilwo.sd  n.  s]).  (c),  T iih  ill  ihd  i rd  id  tiihiilifcrd  (aa), 
Cdveliiiid  pardiiiiacsitd,  (c).  12  to  13  feet  below  top;  Lciiio- 
Klroitliid  oriskdiiid  var.  (c-),  idrii  iich  rrtclld  iniiil  irorlh  ii  nil  var.. 
small  (aa),  ChnnesU'S  piixi  iiUi.sii  n.  sp.  (c),  Eiitoniii  iiirdiiiliii 
(c),  “Spirifer"  findoptei-iin  (c).  29 

Concealed:  some  ash-gray  shale  v\ith  slaty  clea^age  (i08 
to  (ill  feet  traverse.  Ti-averse  X4()°W  to  (130  K^et.  30 

Dark  gray  somewhat  calcareous  shale,  \veathering  ash-gray 
and  rather  soft,  and  splitting-  across  the  bedding  into  sub- 
slaty  pieces.  Dip  about  50°  to  55°XAV_  'Praverse  X4(i°W  to 
592  feet.  Xear  toj) : I’liil  north  in  /lid  iioroii  n’.rd  (a),  Lrptosfro- 
ph  id  orinkmiid  var_  (aa)),  Hch  iichi’rlclUi  iroolirortlid  nil  var., 
small  (c),  '"Epirifer”  l■olll■ill  ii  ns  (c),  in  ])a7-t  -with  grooves  on 
lateral  ]-ibs=“*S'.”  iiroostooknisis  (r),  (’i/rtiiiii  dulniinii  (r) 
J’hdvops  (r),  l)dtiiiiniiles  s]}.  (r).  Near  middle;  I’liit  i/orlli  is 
pill  iioi'iiii  rr.rd  (a),  Lcptostruphin  oriskiiiiiii  \ar.  (aa),  Erliii- 
l■lll‘rtc^ld  irool irorl hd lid  var.  small  (c)  ('hoiirlrs  past iilosii. 

(r),  Eiitonid  iiicdiiilis  (r),  small,  “Epirifrr"’  l^l/l■ll)ptl•nlS,  i-ibs 
8 to  9 (c),  Ciirtinii  diiliiiiini  (r),  Ddhuauitcs  S]).  (r).  38 

Alostly  concealed;  sonie  calcareous  shale,  weathering-  ash- 
gray,  and  splitting  across  bedding,  on  bank  in  lower  and 
U]7per  parts.  X46°W  to  539  feet.  39 

Rec'Kaft  Limestoae  (?)  : 

Hard  dark  gi'ay  im])urc  limestone  to  silic-eous  calcai-eous 
shale,  breaking  across  bedding,  and  tending  to  neather  ash 
gray.  Dip  about  50°NW.  Traverse  Xir)®^  to  485  feet.  The 
age  of  these  beds  is  very  uncertain,  and  theii-  reference  to 
the  Hecraft  is  highly  (|uestiona hie.  14 

Ne-\v  ScoTr.ANi)  Shale  and  Limestone; 

-Mostly  concealed;  some  calcareous  shale,  sjilitting  across 
bedding  and  weathering  ash  gi-ay,  408  to  418,  432  to  436 
feet  traverse.  Traverse  X49°’W'  to  465  feet.  43 

Kalkberg-  limestone  member:  'Thick-bedded  dark  gray 

siliceous  and  argillaceous  limestone,  tending  to  break  across 
the  bedding;  with  some  layers  of  small  nodules  of  dark  chert. 
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* These  ne-w  ostracoda  -svill  be  described  in  a forthcoming  paper. 
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Feet 

I^nit  'I'otal 

and  \\itli  zones  of  liinestone  nodules,  nj)  to  8 inehes  thiek, 
and  weatlierinj)’  liglit  f’ray  against  the  dark  l)ro\Miish  sur- 
faces of  tlie  matrix.  'I'op  dijjs  to  track  level  at  289  feet 
traverse.  Concealed  11  to  17  feet  above  l)ase.  Rliiiiidonirlla 
ohlata,  Katoiiid  iiicd  idlis,  Eosi>irifcr  iii<irroi>J('in'iix.  Neai’ 
base;  X.")8°  F,  30°  N\V.  .\ear  toj)  : 37°  XW.  33  33 


CoEYii.txs  Limesto.xk  : 

Storniville  samlstone  inemliei- : Thick-bedded  hard  arena- 

ceous gray  limestone,  with  lenticuhu’  beds  of  coarse  sand  and 
some  small  quartz  pebbles,  especially  near  the  base.  Sand 
laminae  weather  in  relief  on  ex])osed  surfaces.  Concealed 
0 to  9 feet  above  base.  Top  projected  to  track  level  at  341 
feet  traverse.  14  -12 

Very  thick-bedded  somewhat  arenaceous  bluish  gray,  finely 
and  some  coarsely  crystalline  limestone,  breaking  into  rather 
irregular  fragments.  There  are  numerous  2-  to  O-incdi  co- 
(luinites  made  up  mostly  of  valves  of  Utipldiila  cociniKinensix, 
especially  in  the  lower  8 feet  and  10  to  13  feet  above  base; 
the  species  occurs  somewhat  less  abundantly  at  higher  levels. 

There  are  persistent  beds  of  dark  chert  3 to  4 inches  thick  at 
9 and  14  feet ; some  irregular  nodules  at  13  and  17  feet ; 
and  a prominent  6-inch  chert  bed  at  24%  feet.  Top  dix>s  to 
track  level  at  306  feet  of  traverse  ; base  of  exposed  beds  is 
at  axis  of  anticline  156  feet  traverse,  the  traverse  beginning 
at  the  west  abutment  of  the  railroad  bridge  over  the  highway 
to  Shawnee-on-Delaware.  28  28 

Concealed  below  level  of  tracks.  In  a nearby  section  along 
the  highway  just  south  of  Shawnee,  the  Coeymans  is  79  feet 
thick,  including  very  thick-bedded,  somewliat  arenaceous 
limes‘'one,  (i3  feet,  l)elow  ; more  arenaceous  jjebbly  limestone 
or  calcareous  conglomeratic  sandstone  (Stormville  member), 

16  feet,  above.  31  feet  of  Maidius  limestone,  and  8 feet  of 
Kondout  limestone  ;ire  also  exposed. 


SECTION  1:  NEAR  DECKERS  FERRY,  MONROE  COUNTY,  PENNSYLVANIA 

The  Keyser  and  lielderberg  formations  are  in  part  well  exposed  in 
Monroe  County  near  Deckers  Ferry,  at  the  Wallpacik  Bend  of  the 
Delaware  River,  about  2 miles  east  of  Bushkill,  Pennsylvania,  in  the 
area  of  the  "Wallpaek  Quadrangle  of  the  U.  S.  Geological  Surveje  The 
section  here  described  is  seen  at  three  distinct  but  nearby  places,  as 
follows:  (1)  the  Bossardville  and  Decker  are  exposed  near  the  point 
of  the  Helderberg-Oriskany  ridge,  locally  known  as  the  “Hogback”, 
behind  the  house  on  the  farm  (1937)  of  P.  II.  Smith,  near  the  old 
ferry  landing.  (2)  The  top  of  the  Decker  sandstone,  the  Rondout, 
Manlius,  Coeymans,  and  parts  of  the  higher  beds  are  exposed  along 
the  dirt  road  leading  over  the  north  end  of  the  Hogback  to  Bushkill. 
(3)  The  Manlius,  Coeymans,  New  Scotland,  and  Becraft  are  more  or 
less  continuously  exposed  along  the  bank  of  the  Delaware  River,  on 
the  northwestern  flank  of  the  Hogback.  The  river  section  is  an  excel- 
lent place  to  observe  the  strata,  and  provides  a fine  collecting  ground, 
especially  for  the  New  Scotland  shales.  Because  of  the  small  angle 
to  the  strike,  the  river  section  is  not  a very  satisfactory  place  to 
measure  the  strata,  and  figures  that  are  here  given  are  based  on 
direct  measurement  of  the  Bossardville  and  Decker  beds  near  the 


90 


DEVOXIAX  OF  PEXNSYLVAXIA 


point,  and  a traverse  and  some  direct  measurements  along  the  road 
over  the  hogback.  The  traverse  across  the  upper  beds  lies  at  a small 
angle  to  the  strike,  so  that  thicknesses  are  uncertain.  Because  of 
poor  exposures,  the  position  of  the  Helderberg-Oriskany  boundary  was 
not  determined.  All  bearings  are  magnetic. 


DEVONIAN  SYSTEM: 

ORISKANY  GKOUP:  Enit  Total 

Largely  concealed  crossing  toi3  of  main  ridge  of  hogback, 

‘'Spirifer”  murchisoni,  Anoplotlieca  flabeUite,^  in  siliceous, 
clierty  limestone  on  nortli  side  of  road.  Road  follows  sum- 
mit of  hogback  for  about  330  feet  to  2761  feet  traverse. 

Concealed  along  road.  Traverse  S,57°W  265  feet,  S67°W  375 
feet,  S60°W  150  feet,  to  2431  feet  total;  rise  20  feet. 


HELDERBEEG  GROUP : 

Pout  Ewen  Shale  : 

Dark  gray  to  black  siliceous  and  somewhat  calcareous 
shale,  splitting  across  the  bedding;  partly  concealed.  S79°W 
120  feet,  S54°W  30  feet,  total  1641  feet,  rise  35  feet.  A 
shoulder  paralleling  the  main  ridge  intersects  the  road  at 


about  1640  feet  traverse,  and  this  point  is  arbitrarily  used  as 
the  top  of  the  Port  Ewen.  Further  work  is  needed  to  estab- 
lish the  Helderberg-Oriskany  boundary  in  this  area.  66 

Concealed.  Traverse  S76°W  83  feet,  total  1221  feet,  rise 
12  feet.  31 

Dark  gray  to  black  siliceous,  somewdiat  blocky  shale, 
splitting  across  bedding.  Weathers  into  small  more  or  less 
hackly  fragments,  and  becomes  gray  to  brownish.  S65°W  110 
feet,  total  traverse -1138  feet,  rise  11  feet.  32 

Concealed.  S52°W  35  feet,  S65°W  110  feet,  rise  11  feet.  36 
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Becraft  Limestone  : 

Thick-bedded  finely  crystalline  blue  limestone.  This  lime- 
stone is  also  seen  along  the  bank  of  the  Delaware,  where  it 
occurs  as  large  slumped  masses.  At  base:  Levenea  suhcari- 
nata  (aa),  Rhipidomella  sp.  (r),  Eatonia  singularis  (r), 
Atrypina  imhricata  (r),  “Spirifer”  cyclopterus  (aa),  “S.” 
perlamellosus  var.  (a).  “S.”  concinnus  was  not  observed. 

Seen  along  road  to  opposite  S52°W  200  feet,  total  883  feet, 
rise  0 feet.  20 

New  Scotland  Shale  and  Limestone  : 

Concealed  along  road.  Traverse  S50°W  213  feet,  total  683 
feet,  rise  13  feet.  35 

Somewhat  calcareous  and  siliceous  shale,  much  fractured 
across  bedding.  These  beds  correspond  roughly  to  highly  fos- 
siliferous  shale  seen  along  bank  of  Delaware  River,  north  of 
and  below  the  road.  Fauna  along  river:  Rhipidomella  oblafa 
(c),  Leptacna  rhomboidalis  (c),  Leptostrophia  beclcii  (a), 
Stroplionella  piuictulifera  (c),  Schucliertella-  woolivort liana, 
small  (aa),  Eatonia  medialis  (c),  Eospirifer  macropleurus 
(a),  “Spirifer"  perlamellosus  (c),  “S."  cyclopterus  (c),  Tre- 
matospira  miiltistriata  (r),  Anoplotlieca  roncava  (c).  Trav- 
erse S36°  W,  132  feet  traverse,  total  470  feet,  rise  13  feet.  6 

Concealed  along  road.  Traverse  iS65°W  68  feet,  S36°W  98 
feet,  total  338  feet,  rise  11  feet.  15 

Kalkberg  limestone  member : Medium-bedded  siliceous 

limestone,  with  some  layers  of  chert,  and  with  lenses  of  purer 
limestone,  weathering  light  gray.  In  exposures  along  river : 
Isorthis  perelegans  (c),  Schuchertella  woolworthana  (r), 
Eospirifer  macroplevrus  (c),  Rhucops  logani  (r).  23 


20 
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38 
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CoEYMAiS's  Limestone: 

Concealed  along  road,  the  traverse  S65°W  172  feet,  rise 
20  feet  to  top  of  Kalkberg  member,  side  traverse  N56°W  62 
feet  to  base  of  exposed  Kalkberg.  Along  river,  the  upper  8 to 
10  feet  of  the  Coeymans  consists  of  calcareous  sandstone  and 
arenaceous  limestone,  with  lenses  of  fine  quartz  pebbles 
(Stormv'lle  snndstone  member). 

Thick-bedded  coarsely  crystalline  gray  crinoidal  limestone ; 
upper  beds  exposed  along  road  at  a sharp  S-shaped  bend ; 
lower  30  to  35  feet  make  a sharp  hogback  northeast  of  road, 
(rypidula  coeymaneiisis  (c)  l foot  above  base  and  at  higher 
horizons. 


Feet 

Unit  Total 


,'i0  50 


SILUKIAN  SYSTEM; 

KEYSER  LIMESTONE; 

Manlius  Limestone  Memuek: 

Mostly  tliick-bedded,  dense  to  finely  crystalline  dark  blue 
limestone.  Top  is  not  well  defined ; as  here  drawn,  the  upper 
2 feet  of  the  Manlius  include  lenses  of  more  coarsely  crys- 
talline limestone,  in  part  with  heads  of  small  tubed  Favo- 
sites.  Stropheodouta  varistriata  (aa)  4 to  6 feet  below  top: 

"Spirifer”  vamtxcmi  (a)  near  middle,  Tentaculites  pi/ra- 

canihua  (c)  6 to  10  feet  above  base.  33  121 


Rondout  Limestone  Member  : 

Concealed.  (Rondout?).  6 

Thick-bedded  dense  magnesian  limestone,  weathering 
buff ; = peth  stone  bed  of  Cooke.  7 

Medium  to  thick-bedded  dense  to  finely  crystalline  lime- 
stone. Some  stromatoporoides  3 to  4i/o  feet  above  base. 
Leperditia  sp.  (aa),  especially  in  upper  2 feet.  S 

Concealed.  (Rondout?).  5 

Decker  Sandstone  Member  : 

Medium-bedded  hard,  mostly  fine-grained  calcareous,  some- 
what conglomeratic  sandstone.  Three  feet  of  sandstone,  ap- 
parently top  of  these  beds,  seen  along  road;  but  descriptions 
of  these  and  lower  beds  are  taken  from  exposures  near  end 


of  point,  near  old  ferry  landing.  8 

Concealed.  17 

Concealed  below;  at  toj)  about  10  feet  of  thin-bedded  tine 
grained  calcareous  sandstone,  varying  to  arenaceous  lime- 
stone. Chonetes  jerseyensis  fauna.  20 

Medium-bedded  gray  arenaceous  limestone  to  calcareous 
sandstone.  Chonetes  jerseyensis  fauna.  6 

Concealed.  8 

Medium-bedded  somewhat  arenaceous  liluish  limestone. 
Chonetes  jerseyensis  fauna.  3 

Bossardville  Limestone  : 

Dense  laminated  limestone,  partly  concealed.  22 

Concealed. 
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Footnote  for  page  48.  In  listing  Devonian  genera  of  the  Keyset  in  lD2t),  tlio  writer 
of  course  drew  from  the  extensive  investigations  in  Maryland  and  Pennsylvania,  as  well 
as  from  work  in  the  Virginias.  Actinopterin  and  Aciculopecten  were  cited  from  Jlary- 
land  identifications;  their  value  is.  perhaps,  questionable.  Beachia  (B.  pruavita  Schu- 
chert)  has  been  reported  in  Maryland  and  more  widely  in  central  Pennsylvania.  Reim- 
selaeriu,  Merista,  and  MeristeUa  are  represented  by  specially  slgnlllcaut  species,  geuerallj 
persistent  in  Maryland,  central  Pennsylvania,  and  the  Virginias.  Chonostrophia  does  not 
belong  in  this  category,  as  it  is  not  known  in  the  Keyset.  Reduction  of  the  Devonian 
and  Helderbergian  elements  in  the  faunas  of  the  Keyset  equivalents  in  New  Jersey  and 
New  York  represents  a restriction  of  those  faunas  which  lessens  their  value  as  a guide 
to  the  age  and  classification  of  the  Keyset  and  its  correlates. 


CHAPTER  III 

THE  ORISKANY  GROUP 

]>y  Arthur  1>.  Cleaves 


iF^TRODUCTION 

The  Oriskaiiy  sandstone  for  the  past  century  has  been  one  of  the 
best  known  stratigraphic  units  in  the  Devonian  of  eastern  North 
America.  Not  only  are  its  lithology  and  faunas  distinctive,  but 
remarkable  also  is  the  ubiquitous  nature  of  it  and  its  correlates  in  its 
area  of  outcrop  from  northeastern  Canada  and  New  Engdaiid  to 
Alabama  and  southeastern  Missouri. 

Interest  in  the  Oriskany  of  Pennsylvaiiia  and  New  York  has  recently 
assumed  new  importance  because  of  the  discovery  of  the  Oriskany 
sand  as  a source  of  natural  gas.  I’rior  to  this  the  chief  commercial 
value  of  the  sandstone  came  from  its  locally  S])lendid  qualifications 
as  a high  grade  glass  sand. 

The  writer  spent  two  years  in  the  study  of  the  Oriskany  group 
throughout  Pennsylvania  and  portions  of  adjoining  States.  In  this 
report  a particular  etfort  will  be  made  to  avoid  encroachment  upon 
the  studies  of  Prank  M.  Swartz,  who,  prior  to  and  at  the  same  time, 
occasionally  in  the  field  with  the  writer,  has  worked  on  the  formations 
of  the  Ilelderberg  group  underlying  the  Oriskany.  Dr.  Swartz’s 
extensive  studies  of  the  Helderberg  group  (see  Chapter  II),  including 
its  lithologic  and  faunal  relationships  to  the  Oriskany,  entitle  him  to 
priority  in  discussing  the  detailed  aspects  of  those  relationships. 
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PREVIOUS  WORK  AND  SYNOPSIS  OF  STATUS  OF  PROBLEM 

The  ju’esence  of  what  is  now  known  as  the  Oriskany  Avas  first 
recorded  in  Ihuinsylvania  by  Henry  1).  Pogers  in  183(i  (171).  He 
elaborated  o]i  theso  strata  in  1S88  (172)  and  in  reports  appearing  in 
later  years  ( partieularly  177).  In  bis  first  report  he  recognized  only 
the  sandstone  that  Ave  now  call  Bidgeley,  but  in  later  accounts  he 
established  umlerlying  cherts,  now  in  part  the  Sb, river,  as  being  asso- 
ciated Avitb  tbe  sandstone.  Rogers  did  not  designate  the  Oriskany  by 
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any  geographic  name;  if  lie  had  done  this  it  is  quite  likely  that  the 
Oriskany  'ivonld  have  borne  a name  from  Pennsylvania  because  his 
first  two  reports  antedated  Vannxem’s  naming  of  the  formation  in 
New  York  (216). 

i\Inch  has  been  written  about  the  Oriskany  in  Pennsylvania  in  the 
works  of  the  Second  Geological  Snrvev  of  the  State  by  such  geologists 
as  I.  C.  White  (228,  229.  230),  E.  AY.  Claypole  (72)  and  J.  J.  Stev- 
enson (198).  Keferenees  to  and  comments  upon  their  work  will  appear 
later. 

Alore  recent  publications  dealing  directly  or  indirectly  with  the 
Oriskany  have  been  published  by  C.  R.  Fettke  (88)  on  Gla.ss  Alann- 
faetnre  and  the  Glass  Sand  Industry  of  Pennsylvania,  Butts  and 
Aloore  (25)  on  the  Geology  of  the  Bellefonte  Quadrangle,  Stow  (203) 
on  Conditions  of  Sedimentation  and  Sources  of  the  Oriskany  Sand- 
stone as  indicated  by  Petrology,  F.  AI.  Swartz  in  his  Ilelderberg  pub- 
lications (207,  208)  and  his  report  on  Lower  Devonian  ostraeoda  in 
Pennsylvania  (209,  211),  the  writer  in  his  Oriskany  Thicknesses  in 
Pennsylvania  (75)  and  other  authors  in  reports  on  subsurface  geology 
in  the  gas  and  oil  fields  of  Pennsylvania. 

Xeiv  Yorl':  The  name  Oriskany  originated  in  Xew  York  State 
where  Amos  Eaton  called  it  first  the  “Shell  Grit” : the  Xew  York  Geo- 
logical Survey  later  referred  to  it  as  the  “White  Sandstone”  or  the 
“Grey  Bra-chiopodous  Sandstone” ; but  it  remained  for  A'anuxem  in 
1839  (216)  to  name  it  the  Oriskany  from  a section  at  Oriskany  Falls 
where  it  is  a very  pure  white  quartz  sandstone  approximately  20  feet 
thick.  John  AI.  Clarke  called  its  fossils  the  “ Hipparionyx  fauna.” 

The  original  Oriskany  applied  to  the  sandstones  containing  the 
“ Spirifer”  arenosus-Hipparionyx  proxinius  fauna  west  of  Schoharie 
County,  in  central  and  western  Xew  York.  Today  a calcareous  facies 
of  the  Oriskany  in  Xew  York  is  known.  In  the  region  of  the  Hudson 
A'alley  the  Oriskany  loses  its  typical  appearance,  becoming  a chert 
and  elierty  or  siliceous  limestone.  Thickening  occurs.  The  upper  Oris- 
kany is  displaced  by  very  fossiliferous  limestone,  and  in  part  of  the 
area  a basal  conglomerate  is  present.  In  Ulster  County  the  name 
Glenerie  limestone  was  assigned  to  the  limestone  beds  and  the  Connelly 
conglomerate  to  the  basal  conglomerate  (43).  In  Orange  County 
Shinier  (192)  divided  the  Oriskany  into  lower  and  upper  units. 
The  lower,  30  feet  thick,  is  known  as  the  “ Dalmanihes  dentutus 
zone”  and  contains  intermingled  Helderberg  and  Oriskany  species; 
the  upper  150  feet  thick,  is  called  the  “Spirifer”  inurchisoni  zone. 
The  Dalmanites  dentatus  zone  has  been  called  the  ‘‘Port  Jervis  lime- 
stone” by  Chadwick  (43). 

Xew  Jersey:  In  northwestern  Xew  Jersey  the  Oriskany  is  about 

170  feet  thick  and  consists  largely  of  siliceous  limestones.  The  upper 
beds  in  AA’'allpack  Ridge  in  the  southern  part  of  the  area  of  outcrop 
are  displaced  by  calcareous  sandstone.  The  Oriskany  in  Xew  Jersey 
has  been  best  described  by  AAYller  (223).  He  rceognized  three  dis- 
tinct faunal  zones.  From  the  top  to  the  bottom  these  are:  the  “Spir- 
ifer”  murchiso)u  zone,  the  OrhicuJoidea  jerroisis  zone,  and  the  I)(d- 
inanites  dentatus  zone.  He  recognized  strong  Helderberg  character- 
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isties  in  the  fauna  of  the  Dahnanites  deutdtus  zone  and  hesitatingiv 
placed  it  in  the  Oriskany.  There  exists  today  in  the  minds  of  some 
stratigraphers  a question  concerning  the  Oriskany  assignment  of  this 
zone. 

New  England  and  Canada:  In  New  England  beds  of  Oriskany  age 

are  known  in  klaine  and  New  Hampshire.  In  Maine  the  Oriskany  is 
represented  by  the  Moose  Eiver  sandstone  (64,  264),  and  in  New 
Hampshire  by  the  middle  portion,  at  least,  of  the  Littleton  formation 
(15).  The  Moose  River  sandstone  consists  of  sandstones,  conglomer- 
ates, and  arenaceous  shales  and  is  reputed  to  have  a thickness  of  2,88U 
feet.  The  Littleton  formation  in  New  Plampshire  is  strongly  meta- 
morphosed but  in  the  low  grade  zone  of  metamorphism  the  identifiable 
fossils  occur  in  slate  and  slaty  sandstone.  The  formation  has  a thick- 
ness probably  in  excess  of  3,000  feet.  Whereas  the  identified  speci- 
mens come  2,50-0  feet  above  the  base,  there  are  poorly  preserved 
hraehiopods  from  both  the  base  and  the  top  which  may  signify  the 
Oriskany  age  of  the  entire  formation.  In  Quebec,  in  the  Gaspe  Penin- 
sula the  Oriskany  fauna  occurs  in  the  divisions  7 and  8 of  the  Grande 
GrWe  limestone.  These  strata  are  a jiure  blue-gray  limestone  free 
from  chert  (64). 

Maryland:  The  Oriskany  of  Maryland  is  divided  into  two  units, 

the  upper  Ridgeley  sandstone  member  and  the  lower  Shriver  chert 
member.  The  division  is  based  on  both  lithologic  and  faunal  differ- 
ences (143).  The  work  in  Maryland  first  established  Oriskany  divi- 
sions that  have  been  found  to  be  applicable,  in  part  at  least,  in 
Virginia,  West  Virginia  and  Pennsylvania. 

West  Virginia:  In  West  Virginia  Oriskany  strata  are  similar  to 

the  beds  in  Marjdand,  and  the  names  Ridgeley,  for  the  upper  sandy 
beds,  and  Shriver  for  the  lower  cherty  beds,  are  in  good  standing. 
In  addition  a dark  chert  unit  lying  above  the  Ridgeley  sandstone  and 
below  the  Marcellus  black  shale,  in  the  stratigraphic  position  of  the 
Onondaga,  but  containing  an  Oriskany  fauna,  is  called  the  Hunters- 
ville chert  (2,  159,  160). 

Virginia:  The  Oriskany  in  Virginia  is  a calcareous  sandstone, 

ranging  in  thickness  from  a few  feet  to  150  feet.  It  is  generally  of 
uniform  character,  abundantly  fossiliferous  at  some  horizons,  and  be- 
cause it  corresponds,  faunally  and  lithologically  to  the  Ridgeley  sand- 
stone it  is  correlated  Avith  that  formation  in  Maryland  and  West 
Virginia  (24).  The  problem  of  the  Shriver  (the  lower  formation  of 
the  Oriskany  group  in  Maryland  and  West  Virginia)  in  Virginia  has 
not,  to  date,  been  fully  soh’ed.  P.  M.  Swartz  (207)  says: 

In  Virginia,  however,  a cherty  limestone  with  a Becraft  fauna  is  found 
above  the  New  Scotland  at  Clifton  Forge,  Healing  Sj>rings,  Bells  Valley, 
and  some  neighboring  localities;  A tongue  from  the  upper  part  of  this 
limestone  is  present  at  Warm  Springs  and  Monterey  above  bedded  impure 
chert  of  Shriver  rather  than  Becraft  type,  although  they  contain  less  mud 
than  is  typical  in  Maryland.  The  demonstration  of  the  Shriver  age  of 
these  chert  beds  is  difficult  because  they,  like  the  typical  Shriver,  contain 
so  few  fossils.  They  do  however,  seem  to  be  continuous  with  the  Shriver 
chert  of  Maryland,  as  shown  by  intervening  sections.  Stratigraphic  con- 
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siderations,  therefore  suggest  that  the  Shriver  chert  and  the  Becraft 
limestone  (at  least  the  Becraft  of  ^Maryland  and  Virginia)  are  essentially 
equivalent  in  age,  the  faunas  being  difFereut  because  of  differences  in 
habitat  conditions. 

Jleiiee,  the  Shriver  of  A"irg'iai;i  l)eing  l)elotv  the  Becraft  can  liardly 
he  Oriskany. 

Alabama:  lit  Alabama  the  Oriskany  is  detinitely  present  The 

Jemison  chert  in  Chilton  County  is  probably  Oriskany,  and,  according 
to  Butts  (23),  may  be  a correlate  of  the  Huntersville  chert  in  AA’est 
Virginia.  It  is  possible  that  the  Yellow  Leaf  quartz  schist  overlying 
the  Jemison  chert  may  be  Oriskany  also,  although  no  fossils  have  been 
found  in  it  to  date.  Some  sandstones  in  Alabama  included  in  the 
Frog  Mountain  sandstone  are  definitely  Oriskany  although  the  typical 
Frog  Mountain  sandstone  is  Onondaga  (23)  and  other  Frog  Mountain 
sandstones  are  probably  of  Mareellus  and  Hamilton  ages.  According 
to  Butts,  “except  for  the  oeeurrenee  of  a small  thickness  of  Oriskany 
in  the  region  southwest  of  Bessemer  and  southwest  of  A^ance,  in 
Tuscaloosa  County,  no  Oriskany  is  known  in  Alabama.” 

Georgia-:  In  northwest  Georgia  the  Armuchee  chert,  which  under- 

lies the  Frog  Alountain  sandstone,  in  the  Rome  Quadrangle,  contains 
a clearly  defined  Oriskany  fauna  (193).  The  Frog  Alounfain  sand- 
stone was  mapped  by  Hayes  in  the  Armuchee  chert,  but  later  work 
by  Butts  indicates  the  superior  position  of  the  Frog  Alountain 
sandstone. 

Mississippi  Talley:  The  Oriskany  in  the  Alississippi  A'alley  is 

found  in  western  Tennessee,  southeastern  Alissouri.  and  southwestern 
Illinois. 

Tennessee:  C.  0.  Dunbar,  in  1919  (83),  discovered  new  Oriskany 

strata  in  the  Tennessee  River  valley.  Prior  to  his  discovery,  and  that 
of  AA^eller  (224)  (briefij'  announced)  in  Alissouri  in  1913  the  only 
known  Oriskany  strata  in  the  Alississippi  A'alley  were  the  Camden 
chert  of  Tennessee  and  the  Clear  Creek  chert  of  Illinois.  Dunbar 
attempted  to  prove  that  the  Camden  chert  and  the  Clear  Creek  chert 
were  not  Oriskany,  but  Onondaga.  However,  because  of  recent  work 
on  the  Camden  chert  by  Cooper  (personal  communication)  it  is  ques- 
tionable whether  he  proved  his  case.  The  neAv  Oriskany  formations 
discovered  by  Dunbar  are  the  Quail  limestone  and  the  Harriman 
novaculite.  These  are  separated  from  each  other  hy  an  erosional  uncon- 
formity which  must  have  been  of  short  duration,  for  the  faunas  of 
each  indicate  younger  Oriskany.  the  ecpuvalent  of  the  Ridgeley 
sandstone  in  Pennsylvania  and  Alaryland. 

Missouri:  In  1928  Stuart  AA'eller  and  Stuart  St.  Clair  described 

the  Little  Saline  limestone  and  its  fauna  in  Ste.  Genevieve  County, 
southeastern  Alissouri  (224).  This  fauna  and  formation,  similar  to 
the  Quail  and  Harriman  formations  in  Tennessee,  is  correlated  with 
the  upper  Oriskany  of  New  York  and  the  Ridgeley  sandstone  of  Penn- 
sylvania and  Alaryland. 
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DISTRIBUTION 

The  Oriskauy  group  in  Pemisylyania  iiieliules  all  stratigraphic  units 
between  the  overljung  Onondaga  group  (including  the  Esopus  shale 
in  eastern  Pennsylvania)  and  the  underlying  Helderberg  formations. 
It  is  faunally  distinct  although  i')ossessing  Ilelderbergian  affinities. 
Lithologically  it  is  distinct  over  most  of  the  State,  although  in  certain 
areas  the  lower  beds  merge  with  the  upper  Helderberg  and  can  be 
separated  only  on  the  basis  of  faunal  identities. 

The  group  usually  consists  of  two  facies,  sandstone  above,  and  sili- 
ceous limestone  below.  The  latter  frequently  varies,  being  displaced 
by  shale  and  chert  and  often  containing  beds  of  only  local  significance. 
In  central  and  soutli-eentral  Pennsylvania  the  .Oriskauy  is  divided 
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Figure  18.  Sketch  map  showing  distribution  of  Oriskauy  group  in 

Pennsylvania. 


into  two  distinct  forjiiations,  but  in  the  eastern  part  of  the  State  no 
division  is  permissable.  The  upper  sandstone  and  related  beds  are 
called  the  Ridgeley  formation  and  persist,  with  local  unconformities, 
over  the  entire  area  of  outcrop.  The  lower  siliceous  limestones,  shales 
and  cherts,  identified  as  the  Hhriver  formation,  carry  through  from 
Maryland  into  south-central  and  central  Pennsylvania.  The  Sliriver 
loses  its  identity  in  Perry  County  and  cannot  be  established  in  the 
eastern  counties. 

Figure  18  shows  the  distribution  of  the  Oriskauy  in  the  State.  In 
Pulton  County  the  line  of  outcrop  is  broken  by  faulting.  In  Lycoming 
County,  between  Jersey  Shore  and  Williamsport,  it  is  concealed  but 
relatively  thick  sections  at  both  ends  of  the  concealed  interval  sup- 
port the  belief  that  the  strata  are  j^resent  but  buried  beneath  alluvium 
in  the  Su.squehanna  River  flood-plain  and  glacial  outwash.  The  Oris- 
kany  is  present  in  eastern  Montour  County  but  cannot  be  traced  into 
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Columbia  County  altliouo-li  its  presence  is  suspected.  It  disappears  in 
southeastern  Perry  County,  cut  out  by  a fault  or  by  an  unconformity, 
and  does  not  reappear  until  western  Schuylkill  is  reached.  It  passes 
out  of  Pennsylvania  in  eastern  IMouroe  County  at  the  'Wallpack  bend 
of  the  Delaware  Piver. 

LITHOLOGY 

The  Oriskany  group,  as  already  indicated,  consists  of  the  Kidgeley 
sandstone  above  and  the  Shriver  siliceous  limestone,  shale  and  chert 
below.  The  former  carries  across  the  State  along  the  line  of  the  Oris- 
kany outcrop  but  the  latter  does  not  occur  in  Franklin  County  or  in, 
and  east  of.  Perry  County.  Lithologic  units  in  parts  of  Perry  and  in 
Schuylkill,  Carbon  and  Monroe  counties  formerly  thought  to  be 
Shriver,  must  now  be  considered  members  of  the  Kidgeley.  In  par- 
ticular areas  the  Kidgeley  and  Shriver  formations  intergrade  litho- 
logically, but  the  faunas  of  each  permit  the  establishing  of  their 
formational  boundary. 


Table:  X\  . Divisions  of  tiif.  Oriskany  Group 


Central  Pennsylvania 

1.  Hidf/clci/  format io)i : sandstone, 
conglomerate,  and  occasional 
beds  of  chert. 

2.  Shriver  formation:  siliceous 

limestone,  shale  and  chert.  In- 
cludes in  part  the  Stormville 
shale*  of  I.  C.  White,  and  the 
“White  cherts”*  of  Claypole. 


Eastern  Pennsylvania 
1.  Ridi/olcii  formation  : 

(a)  Calcareous  sandstone,  ar- 
gillaceous sandstone,  and 
chert. 

(ii)  Arenaceous,  siliceous, 
and  calcareous  shale.  In 
part  the  Stormville 
shale,*  of  I.  C.  White. 


Kidgeley  formation 

The  name  Kidgeley  for  part  of  the  Oriskany  sandstone  was 
first  used  by  the  ^Maryland  Geological  Survey  in  its  volume  on  the 
Lower  Devonian  deposits  of  Maryland,  published  in  1913  (113).  The 
sandstone  is  named  from  Kidgeley,  West  Virginia,  where  it  is  splen- 
didly expo.sed.  Because  of  the  similarity  and  continuity  of  these  strata 
into  Pennsylvania,  the  southern  term  is  believed  to  be  satisfactory 
and  entirely  aiipropriate  in  this  State. 

The  Kidgeley  sandstone  in  Penn.syHania  is  variable.  In  certain 
areas  it  is  a calcareous  sandstone  which  sometimes  grades  both  ver- 
tically and  laterally  into  an  arenaceous  limestone.  In  other  areas  it 
is  a white  quartz  sandstone,  or  a bluish  quartz  sandstone  locally  meta- 
morphosed into  a quartzite.  Conglomeratic  beds  occur  at  various 
horizons  over  much  of  its  area  of  outcrop.  The  calcareous  sandstones 
occur  along  the  line  of  exposure  in  the  region  of  the  Allegheny  Front 
from  Lycoming  County  on  the  north  to  Bedford  County  on  the 
southwest,  in  Fulton  and  Franklin  counties  to  the  south,  and  in  IMon- 
roe  County  in  the  east  where  the  Oriskany  beds  pass  out  of  Penn- 
sylvania into  New  Jersey. 

* Name  discarded. 

The  Stormville  shale  of  1.  C.  W'hite  (228)  as  originally  defined  in  eastern  VIonroe 
County  included  “a  series  ot  ashen  gray  sandy  and  calcareous  shales,  about  150'  in 
thickness”  lying  directly  beneath  the  "Oriskany  pebble  bed”  and  above  a "calcareous 
pebbly  conglomerate  lO'-lo'  thick”  which  he  called  the  Stormville  cont/loinerate.  These 
shales  are  now  definitely  known  to  be  in  part  Oriskany  and  in  part  Helderberg.  hence 
the  further  usage  of  Stormville  shale  is  inadmissable.  (See  Chapter  II.) 
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In  the  Juniata-Susquehamia  valleys  region  the  Ridgeley  is  a non- 
ealcareous  sandstone,  locally  qnartzitic.  The  ceinentiTig  material  con- 
sists of  both  primary  and  secondary  silica  (88). 

Wliere  the  Ridgeley  is  calcareous  the  fresh  rock  is  bluish-gray  and 
very  tough.  Weathering  removes  the  calcareous  cement,  reducing 
the  rock  to  loose  blocks  and  sand.  Locally,  in  Bedford  County,  pockets 
or  pits  have  weathered  out  where  the  calcareous  content  of  the  rock 
has  been  especially  high.  These  pits  are  often  the  source  , of  exception- 
ally fine,  silieified  fossils,  which,  along  with  the  sandy  impurities  in 
the  original  rock,  have  accumulated  on  the  floors  of  the  cavities. 

In  the  region  of  the  Juniata-Suscpiehanna  valleys,  where  the  non- 
calcareous  Ridgeley  outcrops,  the  strata  are  prone  to  find  topographic 
expression  in  the  form  of  ridges  and  pulpit  rocks.  On  the  other  hand, 
in  the  same  area  the  sandstone  may  be  completely  disintegrated  and 
have  no  topographic  relief.  Fettke  (88)  concluded  that  certain  factors 
govern  the  breaking  down  of  the  Ridgeley  into  loose  sand:  I.  The 
relative  position  of  the  outcrop  with  respect  to  the  topographic  fea- 
tures of  the  vicinity;  and  2.  The  amount  of  fracturing  the  rock  has 
undergone.  In  both  eases  the  movement  of  ground  and  surface  water 
across  and  through  the  sandstone,  the  depth  of  the  bedrock  below  the 
level  of  the  ground,  the  spacing  and  character  of  the  joints,  the  amount 
of  both  ground  and  surface  water,  the  amount  of  organic  acids  in  the 
water,  and  other  factors  control  the  size  and  nature  of  the  sand 
deposits,  as  well  as  the  topographic  expression  of  this  formation. 

The  sand  grains  in  the  Ridgeley  are  predominantly  quartz.  In  the 
Juniata-Susquehanna  valleys  Pettke  reports  that  the  Oriskany  glass 
sands  contain  only  limonite  as  a deleterious  impurity  and  that  is  far 
from  universally  present.  Analyses  by  Stow  (203)  of  the  Ridgeley 
of  this  area  show  0.2  to  .05  percent  of  heavy  minerals  present,  and 
these  include  the  constantly  occurring  suite,  tourmaline,  zircon,  rutile 
and  leucoxene.  These  plus  the  quartz  are  “definite  evidence  of  deriva- 
tion from  pre-existing  sedimentary  rocks.”  The  individual  sand  grains 
are  generally  subangular  to  angular,  although  in  some  districts,  espe- 
cially central  Perry  County,  they  are  well  rounded. 

Conglomerates  in  the  Ridgeley  vary  in  their  position.  In  some 
localities  the  entire  Ridgeley  may  be  said  to  be  conglomeratic,  in 
others  the  conglomeratic  beds  are  mere  pebble  bands.  The  glass  sand 
(juarries  near  Mapleton  in  Huntingdon  County  show  conglomeratic 
beds  at  several  horizons  in  the  sandstone,  and  one  bed  is  known  to 
occupy  a zone  34  feet  thick.  In  Carbon  County,  at  Little  Gap,  where 
the  Ridgeley  is  25  feet  thick,  the  conglomeratic  beds  occupy  12  feet  of 
the  stratigraphic  section,  underlain  and  overlain  by  medium-grained 
sandstone. 

The  conglomeratic  beds  are  composed  primarily  of  subangular  to 
well-rounded  white  quartz  pebbles.  Frequently  these  pebbles,  as  in 
parts  of  Perry,  Carbon,  Huntingdon  and  other  counties,  are  frosted, 
suggesting  sorting  of  material  by  wind  action  prior  to  deposition 
and  further  sorting  by  wave  and  current  action  on  the  shores  of  the 
Oriskany  seaway.  In  Monroe  County  where  the  Ridgeley  is  exposed 
on  Godfrey  Ridge,  west  of  Brodhead  Creek,  black  chert  pebbles  ai’e 
common.  The  derivation  of  these  chert  pebbles  from  chert  beds  in  the 
Helderberg  seems  probable  and  supports  the  theory  of  local  uncon- 
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foi'iiiity  separating'  the  Uriskany  from  the  Helderberg-.  The  size  of 
the  i^ebbles,  chiefly  quartz,  in  the  conglomeratic  beds  varies  aiid  in 
a sense  must  be  considered  relative  to  the  grain  size  of  the  main  body 
of  sandstones  in  the  series  in  which  the  conglomeratic  beds  occur. 
Coarse  material  inch  in  diameter,  occasionally  Cs  inch,  may  eonsti- 
tue  a conglomeratic  bed  in  one  area,  whereas,  in  another  area  such 
a bed  may  have  pebbles  averaging  i/g  inch  to  inch,  with  occasional 
pebbles  C2  iiich  in  diameter.  Rarely  are  pebbles  in  the  Ridgeley  more 
than  1/2  inch  in  diameter.  The  non-arenaceous  beds  in  the  Ridgeley 
occur  chiefly  in  Carbon  and  Monroe  counties,  if  one  excepts  the  cherts 
that  occur  in  the  Ridgeley  throughout  the  line  of  outcrop  in  many  sec- 
tions across  the  State. 


Photographs  hy  A.  B.  Cleaves 
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Figure  19.  Mapleton  quarries,  Huntingdon  County.  A,  Ridgeley  sand- 
stone in  Columbia  quarry  looking  south.  The  purity  of  the  Ridgeley  sand- 
stone in  this  area  makes  it  a high-grade  glass  sand.  B,  similar  to  A,  taken 

in  Empire  quarry. 


The  best  section  of  Lower  Devonian  strata  in  Monroe  County  is  on 
the  ea.st  bank  of  Brodhead  Creek,  in  the  cnt  of  the  Erie  (Xew  York, 
Susquehanna  & Western)  Railroad  between  North  Water  Gap  and 
Minisink  Mills.  In  this  section  the  writer  places  120  feet  of  strata  in 
the  Oriskany.  The  upper  55-60  feet  contain  ealeareons  sandstone  beds, 
the  thickest  5 feet,  and  interbeds  of  black  chert,  chert  nodules  and 
siliceous  limestone.  Underlying  the  above  beds  are  60  feet  of  inter- 
bedded  dark  gray  arenaceous  shale,  siliceous  shale,  and  black  chert 
beds.  All  the  above  strata  are  assigned  to  the  Ridgeley,  although  the 
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Fossils  in  the  lower  beds  are  diffieult  to  identify.  However,  the  strata 
imniediately  nndei-lyin^-  eontain  a g'ood  Xoav  Seotland  fanna.  The 
wliite  eherts  and  clays  of  this  coimiy  (153,  134),  (sometimes  thou»lit 
lo  be  Oinskany),  ai-e  }U)W  known,  because  of  tlieir  jn-ofuse  New  Scot- 
land fauna,  to  1h‘  of  Ilelderberjiian  age. 

In  Car])on  Counl\'  (Little  (la]‘>)  ajij^roximately  35  feet  of  bluish- 
black,  argillaceous,  bedded  sandstone  underlies  the  known  llidgeley. 
This  is  probabl.y  Oriskany  altliongli  no  fossils  have  been  found  to  snl)- 
stantiate  the  interpretation.  Interbedded  cherts  in  the  Ividgelej”  an* 
common  in  the  east.  In  the  region  of  greatest  sandstone  thicknesses 
the  cherts  associated  with  siliceous  limestone  usually  occur  near  the 
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Figure  20.  Alexander  Fire  Clay  Co.  ((iiarry.  two  lo  Iwo  and  a half  miles 
northwest  of  Huntingdon,  Huntingdon  County.  A,  Shriver  overlain  h> 
Rifigeley.  B,  residual  white  elay,  highly  fossiliferoiis,  in  Shriver. 

base  of  the  formation,  as  beds  or  jiodules,  where  the  Ilidgeley  and 
Shriver  merge.  Generally  the  eherts  are  black,  but  in  some  areas  they 
are  white,  as  the  “White  Cherts’’  of  Clayjiole  in  Perry  Count}A  In 
some  sections  the  Ridgeley  sandstone  is  absent,  being  displaced  by 
chert  and  siliceous  limestone  but  identifiable  by  means  of  tbe 
“ S]>irifer’'  aroiosus  fauna. 

Shriver  formation 

The  Shriver  was  named  by  the  Maryland  Geological  Survey  from 
Shriver  Ridge  at  Cumberland,  Maryland  (143,  205),  where  “it  con- 
sists of  a dark  siliceous  shale  containing  large  ffuantities  of  black 
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impure  chert  in  the  form  of  nodules  or  layers  of  nodules.  Upon 
weathering,  both  shale  and  chert  become  buff  or  yellowish  in  color 
and  break  into  sandy  fragments,  the  chert  in  some  cases  becoming 
spongy.  ’ ' 

In  Pennsylvania  the  iShriver  formation  consists  of  impure  siliceous 
limestone,  impure  black  chert  in  beds,  nodules,  layers  of  nodules,  and 
interbedded  dark  gray  to  black  shale.  Weathering  frequently  reduces 
the  material  to  punky,  buff  to  yellow  fragments  which,  in  part,  remain 
in  fairly  thick  blocks.  The  purer  chert  weathers  white,  and  is  often 
found  in  small  pieces  covering  fairly  extensive  areas  of  ground. 

Residual  white  clay  occurs  in  the  Shriver  and  is  restricted  to  Hunt- 
ingdon County.  It  is  found  in  the  Alexandria-Petersburg  area,  2 to 
21/2  miles  northwest  of  Huntingdon.  The  best  exposure  is  in  the  open 
pit  of  the  Alexandria  Fire  Clay  Company,  3 miles  southeast  of 
Alexandria  on  the  old  Philadelphia  Pike.  Here,  the  Oriskany  beds 
in  Warrior  Ridge  are  almost  horizontal,  with  approximately  30  feet 
of  Ridgeley  sandstone  capping  the  Shriver.  The  latter  consists  of 
white  chert  frequently  nodular,  white  plastic  clay,  which  is  bluish- 
gray  when  wet,  and  alabaster-white,  dry,  and  punky,  buff-colored 
shale. 

The  good  clay,  20  to  28  feet  below  the  Ridgeley,  does  not  extend 
through  the  pit  in  b-eds  parallel  to  the  overlying  sandstone,  but  ter- 
minates abruptly  in  its  lateral  extent.  This  is  thought  to  be  caused 
by  local  slumping  and  slipping  of  the  clay  when  saturated.  The 
large  number  of  sink-holes  in  the  immediate  vicinity  suggest  slumping 
caused  by  the  removal  of  underlying  Helderberg  limestone.  Leighton 
(134)  believes  that  the  clay  has  been  derived  from  weathering  of  the 
upper  chert  and  shaly  beds  in  the  Shriver.  Additional  silica  may 
have  been  added  by  derivation  secondarily  from  the  overlying  Ridge- 
ley. The  white  clays  in  Monroe  County,  once  thought  to  be  Oriskany, 
are  now  assigned  to  the  New  Scotland.  The  fauna  obtained  from  the 
associated  cherts  and  the  clay  is  characteristic  New  Scotland. 

THICKNESS^ 

The  Allegheny  Front.  At  Hyndman,  southeast  of  the  Allegheny 
Front  in  Bedford  County,  the  Ridgeley  is  a hard,  tough,  calcareous 
sandstone.  The  upper  contact  was  not  seen,  and  the  upper  portion 
of  the  section  is  complicated  by  folding  and  faulting,  nevertheless 
there  is  a minimum  thickness  of  140  feet  of  Ridgeley  sandstone.  It 
weathers  to  a dirty  brown  loose  sand,  highly  fossiliferous  and  contains 
local  thin  conglomeratic  beds.  The  lower  beds  of  the  Ridgeley  become 
a siliceous  limestone,  and  contain  chert  nodules.  Lithologically,  the 
lower  Ridgelej''  grades  into  the  Shriver,  but  can  be  separated  from 
it  by  the  contained  fauna.  The  Shriver  formation  here  is  an  impure 
gray  to  black  siliceous  limestone  and  shale.  Black  chert  beds  one  to 
four  inches  thick  and  black  chert  nodules  are  common  in  the  upper 
two-thirds  of  the  formation.  It  is  137  feet  thick  and  is  underlain  by 
24  feet  of  sparsely  fossiliferous,  black,  slightly  calcareous  shale.  The 
basal  beds  are  fissile.  This  black  shale  is  gradational  into  the  Shriver, 
but  the  latter  is  more  siliceous  and  breaks  into  rough  blocks  instead  of 

* This  material  is  largely  taken  from  the  -writer's  paper,  Oriskany  thicknesses  in 
Pennsylvania  (75). 
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slialy  slabs.  This  underlying  shale  is  eonimonly  found  at  this  level 
and  is  assigned  to  the  New  Scotland  formation  of  the  Helderberg 
group. 

Five  miles  southeast,  across  Wills  Mountain  and  Shriver  Ridge  at 
the  Cumberland  City  Reservoir,  155  feet  of  Ridgeley  and  the  upper 
4!)  feet  of  Shriver  are  exposed  at  the  Thomas  W.  Koon  dam. 

Nineteen  miles  northeast  of  the  Cumberland  City  Reservoir  near 
1 Bedford  Springs  an  incomplete  section  contains  105  feet  of  Ridgeley, 


Photograph  by  A.  B.  Cleaves 


Figure  21.  Oriskaiiy  exposed  in 
<piarry  at  Hyndinaii,  Bedford 
County.  The  Ridgeley-Shriver 
contact  is  in  the  left  background; 
basal  Ridgeley,  strongly  calcare- 
ous, grades  into  the  Shriver. 


Photograph  by  A.  B.  cleaves 

Figure  22.  Oriskany  exposure 
about  one  mile  northeast  of  Holli- 
daysburg,  Blair  County.  Ridgeley- 
Shriver  contact  is  indicated  by  the 
hag.  The  lower  Ridgeley  is  strongly 
calcareous  and  merges  at  the  base 
with  the  Shriver. 


a total  Shriver  thickness  of  40  feet,  and  44y2  feet  of  the  New  Scot- 
land black  shale  member. 

In  Blair  County,  80  miles  north  of  Bedford  Springs,  in  the  vicinity 
of  Ilollidaysburg,  composite  sections  indicate  an  approximate  thick- 
ness of  110  feet  of  the  Ridgeley.  The  upper  beds  have  lost  the  cal- 
careous cement  and  do  not  form  the  conspicuous  ridges  so  common 
in  other  parts  of  the  State.  The  lower  beds  are  highly  calcareous  and 
merge  at  the  base  with  the  Shriver  formation,  which  is  arenaceous  at 
the  contact.  The  Shriver  is  115  feet  thick,  typical,  very  fossiliferous, 
and  overlies  30  feet  of  the  New  Scotland  black  shale  which  has  become 
fissile. 

At  Mount  Eagle,  Centre  County,  48  miles  northeast  of  Hollidays- 
burg,  the  Ridgeley  is  50  feet  thick,  coarse,  and  dirty.  It  contains 
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limonite  and  hematite  at  the  top.  The  Shriver  in  the  same  section 
is  approximately  90  feet  thick.  A covered  interval  perhaps  conceals 
the  possible  presence  of  the  New  Scotland  shale  member. 

Twenty-seven  miles  northeast  on  Pine  Creek,  near  Jersey  Shore, 
Lycoming  County,  the  section  is  incomplete  but  approximately  93  feet 
of  Ridgeley  is  exposed.  Both  uneemented  sandstone  and  durable,  cal- 
careous Eidgelej''  crop  out  in  the  two  limbs  of  the  syncline.  There  is 
81  feet  of  Shriver  in  this  section,  many  intervals  of  which  are 
concealed. 


Photograph  hy  U.  B.  Cleaves 


Photograph  by  A.  B.  Cleaves 


Figure  23.  Mifflin  Coal  and  Sand 
Company  quarry,  Burnham,  north 
of  Lewistown,  Mifflin  County. 
Ridgeley  sandstone  forms  the 
quarry  face;  Shriver  beds  are  in 
left  foreground. 


Figure  24,  Oriskany,  one-half 
mile  north  of  McVeytown,  Mifflin 
County.  Shriver  here  exposed  con- 
sists of  siliceous  limestone  and 
cherty  beds.  The  Shriver  reaches 
its  maximum  thickness  in  this  area. 


One  mile  east  of  Montoursville,  Lycoming  County,  in  a complete 
section  there  is  65  feet  of  Ridgeley.  It  is  clean,  light  colored,  and 
loosely  cemented.  The  Shriver  is  only  partly  exposed,  but  the  strati- 
graphic interval  between  the  Ridgeley  and  the  New  Scotland  limestone 
would  permit  of  113  feet  of  Shriver  provided  there  is  no  New  Scot- 
land black  shale  member.  The  presence  of  this  member  is  suspected 
but  lack  of  exposures  obviates  definite  proof.  The  Shriver  sections 
just  mentioned  in  Centre  and  Lycoming  counties  contain  considerable 
black,  limy  shale.  The  interval  of  21  miles  between  the  Pine  Creek  and 
Montoursville  sections  has  no  Oriskany  strata  indicated  on  the  State 
and  County  geologic  maps.  Thicknesses,  however,  at  both  ends  of  this 
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interval  strongly  suggest  its  oeeurrence.  The  reason  for  non- 
exposure  is  aeeounted  for  by  lateral  planation  by  the  Susquehanna 
River  and  burial  in  its  flood-plain  debris. 

Juniata-8 usquehanna  valleys.  The  Ridgeley  varies  most  in  thick- 
ness in  the  Juniata  and  Susquehanna  valleys.  From  a maximum  of 
190  feet  at  Mapleton,  Huntingdon  County,  it  diminishes  to  zero  in 
parts  of  Snyder  and  Montour  counties,  a di.stanee  of  only  45  miles. 
At  iMapleton  eonglomeratie  beds  occur,  the  stratigraphic  positions  of 
which  vary  in  adjacent  sections.  For  the  most  part  the  rock  is  loosely 
consolidated ; however,  some  of  the  (juarries  in  the  Mapleton  district 
show  extremely  durable  sandstone,  in  -which  the  cementing  material 
is  silica. 

The  Shrivel-  near  Mapleton  is  poorly  exposed;  it  is  best  seen  at  the 
northwest  end  of  the  limestone  quarry  of  the  Mapleton  Limestone 
Conqiany  opposite  Mapleton,  on  tlie  north  side  of  the  Juniata  River. 
Here  the  Shriver  is  punky,  buff-colored,  highly  fossiliferons  rock.  It  is 
approximately  89  feet  thick.  The  lower  beds  are  concealed,  so  that 
it  is  not  known  whether  the  Shriver  is  underlain  by  the  New  Scotland 
shale.  How^ever,  ten  miles  to  the  south  on  Sugar  Run  there  are  5 
feet  of  this  shah'.  Consequently  the  latter  is  believed  to  thin  out  in 
this  area. 

Sections  of  Ridgeley  sandstone  in  Mifflin  County  show  a thinning 
northeastward.  In  the  McVeytown-Lewistown  area  the  sandstone 
ranges  between  90  and  140  feet  thick.  The  Ridgeley  in  both  Hunt- 
ingdon and  Mifflin  counties  often  holds  up  ridges  and  forms  nulpit 
rocks  althona'h  the  cement  is  largely  removed  in  many  places.  Shriver 
strata  in  Mifflin  County  are  best  shown  in  sections  one-half  and  one 
mile  north  of  McVeytown  -where  the  thickness  is  145  feet.  The  beds 
consist  of  siliceous  limestone,  thin  interbeds  of  shale,  and  thin  chert 
beds;  The  latter  are  most  common  in  the  lo-wer  26  feet,  where  nodular 
chert  beds  are  also  found.  In  the  upper  Shriver  the  limestone  becomes 
arenaceous.  Underlying  the  Shriver  there  are  13  feet  of  the  black, 
fissile  New  Scotland  shale.* 

In  most  of  Snjnler,  Union  and  Montour  counties,  33  to  69  miles 
eastward,  no  Ridgele.y  sandstone  is  present.  The  overlying  Onondaga 
limy  shale  rests  directly  on  the  Shriver  formation  or  on  basal  siliceous 
to  cherty  limestones  of  the  Ridgeley.  However,  nearby  to  the  south, 
in  parts  of  Juniata  and  Northumberland  counties,  a little  Ridgeley 
sandstone  occurs,  nowdiere  over  8 feet  thick.  Transitional  zones  of 
thin  calcareous  sandstones,  shales,  impure  cherts  and  siliceous  lime- 
stones are  present  between  the  Ridgeley  and  the  Shriver.  Such  con- 
ditions unquestionably  indicate  marginal  facies  and  changes  from 
deeper  to  shallow  water  in  the  Oriskany  sea,  or  sudden  rejuvenation 
of  streams  on  the  adjacent  land  masses. 

At  Beaver  Springs,  Snyder  County,  underlying  5 feet  of  Ridgeley 
arenaceous  chert  there  is  101  feet  of  Shriver,  principally  a siliceous 
limestone,  although  containing  many  beds  of  gray  and  black  chert 
4 to  14  inches  thick.  The  arenaceous  chert  of  the  Ridgeley  at  the 
top  of  the  section  -weathers  to  a punky  brown  rock  and  is  very  fossil- 
iferous.  At  the  extreme  top,  under  the  Onondaga  limy  shale,  there 


* The  black  sliale  of  the  New  Scotland  is  called  lU.imlata  by  F.  M.  Swartz,  Cf.  Chap.  II. 
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is  an  iroii-ric'Ji  zone.  Underlying  the  iSliriver  is  90  feet  of  the  lilaek, 
barren  Xew  Scotland  shale. 

In  Montour  County,  2^2  miles  east  of  Danville,  the  Uriskany  sec- 
tion is  composed  entirely  of  Shriver.  Here  the  beds,  110  feet  thick, 
are  primarily  black  shale  and  black  siliceous  limestone,  with  inter- 
bedded  black  chert.  The  chert  is  largely  contained  in  the  upper  56 
feet. 

Southern  and  eastern  areas.  In  southern  Fulton  County  in  a sec- 
tion on  the  west  slope  of  Dickeys  Mountain  only  four  feet  of  sandstone 
and  conglomerate  can  definitely  be  assigned  to  the  Ridgeley.  The 
lower  part  of  the  same  section  is  not  entirely  satisfactory  because  of 
the  absence  of  fossils.  However,  20  feet  of  loose  sand  and  chert  and 
15  feet  of  massive  chert  beds  may  also  be  Oriskany.  These  beds  are 
underlain  by  interbedded  clay  and  chert  which  contain  fossils  that 
might  indicate  either  New  Scotland  or  Becraft. 

The  best  section  of  Oriskany  in  this  region  occurs  in  southwestern 
Franklin  County,  along  State  Highway  456,  south  of  Sylvan,  under 
the  south  end  of  the  iron  bridge  over  Licking  Creek  and  in  several 
small,  abandoned  quarries  on  the  north  side  of  the  creek,  about  one- 
fourth  mile  east  of  the  north  end  of  the  bridge.  The  Oriskany  is  all 
Ridgeley  and  consists  of  arenaceous  limestone,  calcareous  sandstone 
and  conglomerate  with  interlensed  black  chert.  The  Ridgelej'  is  52 
feet  thick  and  rests  on  the  Licking  Creek,  with  the  Shriver  missing 
1205). 

The  nearest  complete  section  northward  is  at  Xeelyton,  in  south- 
eastern Huntingdon  County,  where  the  Ridgeley  sandstone  is  about 
57  feet  thick,  and  the  underlying  beds  of  Shriver-like  lithology  109 
feet  thick,  of  Avhich  approximately  50  feet  may  be  Shriver.  The 
rocks  in  this  section  are  weathered,  hence  far  from  ideal.  The  Ridge- 
ley sandstone  consists  of  loose  sand  and  sandstone  blocks,  whereas  the 
Shriver-like  beds  consist  of  broken-down,  siliceous  limestone,  sand  and 
chert  blocks.  The  latter  beds  are  underlain  by  identifiable  X^ew  Scot- 
land chert  and  limestone. 

In  Perry  County  there  is  no  identifiable  Shriver  formation.  The 
( )riskany  consists  of  sandstone,  conglomeratic  beds,  and  chert.  In  cen- 
tral Perry  County,  in  Bernheiser  Ridge,  l^/o  miles  north  of  Loysville, 
arenaceous  cherts  and  interbedded.  decomposed  sandstone  underlie  a 
conglomeratic  unit.  The  minimum  thickness  of  the  Oriskany  here  is 
64  feet.  The  fauna  of  the  arenaceous  cherts  is  a Ridgeley  “ Spirifer" 
arenosus  fauna,  but  the  presence  of  a considerable  number  of  Shriver 
species  is  indicative  of  a mingling  of  both  Ridgeley  and  Shriver 
faunas.  Eastward  from  here,  along  the  southern  and  eastern  line  of 
outcrop,  no  Shriver  fauna  is  encountered  Avest  of  XeAv  Jersey.  Con- 
sequently Perry  County  Avitnesses  the  disappearance  of  the  Shriver 
as  a factor  in  the  Oriskany. 

At  Falling  Springs  in  Perry  County  the  Oriskany  is  71  feet  thick; 
(he  upper  sandstone  and  conglomeratic  member  is  31  feet  thick  and 
the  loAver,  Avhite-Aveathering  cherts  approximately  40  feet  thick.  The 
section  at  Clarks  Mill,  approximately  5V2  miles  north  of  the  Falling 
Springs  section,  and  2 miles  northAvest  of  X'cav  Bloomfield,  contains 
Oriskany  (Ridgeley)  sandstone  approximately  18  feet  thick  and  white 
chert  approximately  16  feet  thick.  The  latter  contains  interbedded 
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sandstone.  The  Ridgeley,  “ S-pirifer”  arenosus,  fanna  occurs  in  both 
members.  The  total  thickness  of  the  Oriskany  at  Clarks  Mill  is  about 
34  feet.  Nearer  New  Bloomfield  the  Ridgeley  sandstone  is  25  and 
20  feet  thick  in  two  quarries  on  the  east  and  west  edges  of  the  town, 
respectively.  In  Perry  County  the  Ridgeley  is  a ridge-builder,  and 
in  some  sections  the  conglomerate  is  exceptionally  coarse,  the  pebbles 
reaching  one-fourth  inch  in  'diameter.  The  Ricligeley  in  Perry  County 
is  generally  iron-rich  at  the  upper  contact. 

The  Oriskany  is  probably  cut  out  by  an  unconformity  or  fault  (see 
page  109)  in  southeastern  Perry  County  and  it  does  not  reappear 
along  the  strike  until  south-central  Schuylkill  County  is  attained.  In 
Schuylkill  County  exposures,  for  the  most  part,  are  very  poor  and 


Photograph  by  Bradford  Willard 

Figure  25,  Base  of  Oriskany  (Ridgeley)  sandstone  in  Dallego  quarry 
near  Schuylkill  Haven,  Schuylkill  County. 

consist  of  loose  sand,  gravel  and  boulders.  However,  about  one  mile 
east  of  Schuylkill  Haven,  in  the  Dallego  limestone  quarry,  and  north- 
east of  an  adjacent  Pennsylvania  Railroad  cut,  up-hill  from  the 
quarry,  a fairly  satisfactory  section  may  be  studied.  The  Oriskany 
is  approximately  44  feet  thick,  exceptionally  conglomeratic  with  well 
rounded  pebbles  up  to  one-fourth  inch  in  diameter.  The  rock  has  a 
speckled  appearance  due  to  the  oxidation  of  limonite  which  often 
forms  a rind  on  the  exposed  rock  surfaces.  Typical  Ridgeley  fossils 
were  found.  In  this  area  the  Oriskany  is  overlain  by  Onondaga  lime- 
stone and  underlain  b}^  greenish,  siliceous  shale  and  greenish  quartzitic 
sandstone.  The  latter  beds  14  feet  8 inches  thick  have  displaced  the 
upper  Helderberg  formations. 

No  satisfactory  section  of  Oriskany  occurs  in  Carbon  County  except 
at  Little  Gap,  through  Chestnut  Ridge  in  the  eastern  part  of  tlm 
county,  8 miles  east  of  Palmerton.  The  thick,  conglomeratic  sandstones 
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witli  the  associated  underlying  cherts  in  tlie  vicinity  of  Bovinanstown, 
Palmerton  and  Little  Gap,  in  the  past  believed  to  be  Oriskany,  have 
been  shown  recenth’  to  be  post-Oriskany  (206).  The  fauna  contained 
in  the  cherts  has  been  demonstrated  to  be  lower  Middle  Devonian 
rather  than  Lower  Devonian  or  Oriskanian.  The  Oriskany  conglom- 
eratic sandstone  is  present  in  this  region,  however,  but  underlies  the 
post-Oriskanian  Palmerton  sandstone,  and  Bowmanstown  chert  just 
mentioned.  A detailed  explanatory  section  later  in  this  chapter  shows 
the  relationships  and  describes  the  strata  at  greater  length.  The 
Oriskany  sandstone,  containing  an  abundant  Kidgeley  fauna,  is  25  feet 
thick  in  the  Little  Gap  section  and  is  underlain  by  approximately  25 
additional  feet  of  gray,  cros.s-bedded,  argillaceous,  non-fossil  if  erous 
sandstone.  These  underlying  beds  are  also  believed  to  be  Oriskany, 


Photograph  by  A.  B.  Cleaves 


Figure  26.  Cut  on  Erie  Railroad,  Minisink  Mills,  Monroe  Countv. 
along  east  side  Brodhead  Creek.  The  Oriskany  sandstone  lies  under 
thick  bushes  one-half  inch  from  the  left  margin  of  the  photograph. 
In  right  foreground  is  upper  Helderberg,  Professor  Swartz  seated  at 

an  ostracod  zone. 


because  the  known  very  fossiliferous  Xew  Scotland  strata  in  the 
immediate  area  consist  of  white  chert  and  a high-silica,  white  clay. 
The  latter  is  observable  one  mile  south  of  Kunkletowu  and  four  miles 
east  of  Smith  Gap,  in  Chestnut  Kidge  in  quarries  of  the  Puiversal 
Atlas  Cement  Company. 

In  Monroe  County  the  Oriskany  is  exposed  on  the  southern  slope 
of  Cherry  Ridge,  and  in  the  crest  east  of  Saylorsburg.  It  is  also 
exposed  in  Godfrey  Ridge  on  the  south  bank  of  Brodhead  Creek,  in 
a cut  of  the  Erie  (Xew  York,  Susquehanna  & ’Western)  Railroad  half 
a mile  west  of  Minisink  Mills,  on  the  northwest  bank  of  Brodhead 
Creek  in  the  cut  of  the  Delaware,  Lackawanna  & Western  Railroad, 
where  it  is  overpassed  by  the  Xew  York,  Susquehanna  & 5Yestern, 
in  the  crest  of  Godfrej'  Ridge  above  the  iMinisink  Paper  i\Iills,  and 
in  the  gap  through  the  ridge  made  by  Brodhead  Creek,  ou  the  east 
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hank  in  the  cut  of  the  Erie  (New  York,  Susquehanna  & ^Yestern  ) Kail 
road.  The  latter  locality,  formerly  known  as  Experimeni  Mills, 
shows  an  ex]')osed  section  of  nearly  1, ()()()  feet  which  includes  strata 
Irom  the  Esopus  to  the  Coi'yinans.  The  ()riskany  lieds  in  this  section 
are  120  feet  thick  and  may  be  separated  into  two  lithologic  units. 
The  upper  unit  consists  of  calcareous  sandstones,  siliceous  limestones, 
and  beds  of  black  chert.  This  unit  containing  a Spirifer”  arenosns 
fauna  is  55  to  60  feet  thick;  its  base  is  placed  at  the  lowest  bed  of 
sandstone.  The  second,  underlying  lithologic  unit  consists  of  siliceous 
limestone,  arenaceous  and  calcareous  shale,  and  interbeds  of  black 
chert  and  chert  nodules.  The  shales  are  strongly  sheared  Jiear  the 
base.  The  exact  contact  with  the  New  Scotland  formation  is  not  cer- 
tain, although  a New  Scotland  fauna  is  identifiable  10  feet  below  the 
supposed  contact.  The  latter  is  marked  by  a zone  of  Dahnanites  and 
ostraeoda  which  do  not  appear  to  be  Oriskanian.  The  stratigraphic 
thickness  of  the  Oriskany  beds  undeidying  the  lowest  sandstone  is 
60  feet. 

CONTACTS 

Upper  Ridgeley  contact.  The  upper  contact  of  the  Ridgeley  for- 
mation is  always  sharp.  Except  in  the  region  east  of  the  Schuylkill 
River,  in  Schuylkill  County,  it  is  overlain  by  the  Needmore  limy  shales 
of  the  Onondaga  group.  Frequently  the  top  of  the  Ridgeley  contains 
considerable  limonite  and  hematite.  This  is  secondary  and  has  been 
derived  from  the  few  inches,  tO'  one  or  two  feet,  of  red  shales  .iust 
under  the  Onondaga.  The  presence  of  this  iron-enriched  zone  so 
often  found  at  the  top  of  the  Oriskany,  added  to  the  great  variation 
in  thickness  (sometimes  the  total  absence  of  the  Ridgelej’  sandstone), 
and  the  complete  faunal  break  between  the  Oriskany  and  the  Onon- 
daga, indicate  a disconformity. 

East  of  the  Schuylkill  River  the  iqiper  contact  is  concealed  to 
Carbon  County.  Here  the  Oriskany  sandstone  is  overlain  by  the 
Bowmanstown  chert  and  the  Palmertmi  sandstone.  The  former  con- 
tains a Middle  Devonian  fauna,  the  latter  is  barren  except  for  some 
large  cup  corals  of  unknown  genus  and  species.  The  Palnierton  sand- 
stone has  for  many  years  been  mistaken  for  the  Oriskany  sandstone, 
but  the  relationshi]!  of  these  beds  has  recently  been  made  clear  (206). 

In  eastern  Monroe  County  the  Oriskany  is  overlain  by  the  Esopus 
shales  (“grit”)-  On  Brodhead  Creek  316  feet  plus  of  Esopus  dis- 
conformably  overlies  the  Oriskany.  The  sparse  fauna  contained  in 
the  Esopus  closely  allies  it  to  the  Onondaga,  with  which  Willard  has 
recently  grouped  it  (251).  The  Esopus  in  eastern  Monroe  County 
and  northwestern  New  Jersey  is  believed  to  be  contemporaneous  with 
the  Bowmanstown  chert  and  the  Palnierton  sandstone. 

Nidgeley-Slm'ver  contacl.  The  contact  of  the  Ridgeley  with  the 
Shriver  is  sharp  locally,  but  more  commonly  it  is  gradational.  The 
upper  beds  of  the  Shriver  commonly  are  arenaceous  and  in  many  lo- 
calitie.s,  notably  in  Juniata  and  Northumberland  Counties,  interbed- 
ding of  Ridgeley  sandstone  and  Shriver  siliceous  limestone,  chert,  and 
shale  is  common. 
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Sliriver-llelder'berg  contact.  Along  tlie  Allegheny  Front,  and  in 
much  of  the  Juniata-Susquehanna  Valley  region,  the  Shriver,  where 
clearly  exiiosed.  rests  on  a black  calcareons  splintery  shale.  This  is 
barren  except  in  Bedford  County.  Tn  a section  at  Tlyndman,  limy 
black  shales  immediately  overlying  the  Xew  i^eotland  limestone  and 
replete  with  ScJiuchcrtcUa  ivoohcoyttunia,  Eatonia  medialis,  and 
Anoplotheca  concava,  are  succeeded  by  a black,  fissile  shale  contain- 
ing two  separate  species  of  Lingula,  and  a StylioUna.  The  fissile 
calcareous  black  shale,  a few  inches  thick,  is  overlain  by  2.3  feet  of 
non-fissile  black  .shale  which  contains  abundant  Amhocoelia  umbonata, 
and  an  occasional  Strophonella?  radiata.  The  last  mentioned  black 
shale  becomes  siliceous  near  the  top  and  is  gradational  into  the 
Shriver.  The  black  shales  here  mentioned  are  tenatively  placed  in 
the  New  Scotland.  (Cf.  i\Iandata  shale.  Chap.  II.) 

In  Perry,  Schuylkill,  Carbon  and  Monroe  counties  where  there  is 
no  distinguishable  Shriver  formation,  the  Oriskany  rests  directly  on 
the  Helderberg.  In  Schuylkill  County,  at  Schuylkill  Haven,  it  is 
the  Oriskany  sandstone  that  rests  on  the  Helderberg.  In  Perry 
County  white  cherts  carrying  a Ridgeley  fauna  rest  on  yellow  cherts 
containing  a New  Scotland  fauna.  In  Monroe  County  the  lowe.st 
Oriskany  beds,  siliceous  limestones  and  calcareous  shales  and  cherts, 
grade  almost  imperceptibly  into  calcareons  New  Scotland  shales.  In 
some  areas  in  the  State  the  Shriver  or  lower  Oriskany  beds  rest  dis- 
eonforraably  on  the  Helderberg;  in  other  areas  no  hiatus  is  apparent. 


THE  ORISKANY  FAUNA 

The  fauna  of  the  Oriskany  group  is  distinctive.  It  has  definite 
affinities  with  the  Helderberg  fauna,  but  fails  almost  completely  to 
extend  above  the  Oriskany  into  the  Onondaga  and  3Iiddle  Ilevonian. 
It  has  been  shown  that  the  Oriskany  group  in  central  and  south- 
central Pennsylvania  may  be  divided  on  the  basis  of  lithology  into 
two  formations,  the  Ridgeley  and  the  Shriver.  Each  of  these  forma- 
tions has  its  own  fauna.  In  part  each  fauna  differs  from  the  other, 
and  yet  they  are  intimately  associated,  and  each  is  definitely 
Oriskanian. 

The  Helderbergian  influence  is  seen  in  the  fauna  of  each.  < )f  the 
Ridgeley  18  percent  and  of  the  Shriver  23  percent  of  the  fauna  is 
found  in  the  Helderberg.  These  percentages  may  be  modified  slightly 
if  one  considers  that  such  species  as  Anoplotheca  flabellites,  Cyrtina 
rostrata,  Meristella  lata,  and  Platyceras  gcbhardi,  reported  as  coming 
up  into  the  Oriskany  from  the  Helderberg,  and  included  in  the  per- 
centage, are  generally  considered  as  distinctive  Oriskany  fossils. 

Only  4 percent  of  the  Oriskany  fauna  passes  upward  into  the 
Onondaga.  Because  all  the  species  included  within  this  figure  are 
long-range  forms  it  is  safe  to  say  that  the  Oriskany  fauna  was 
obliterated  before  Onondagan  deposition.  "Whereas  this  is  true  in 
Pennsylvania,  Dunbar  believes  that  there  was  not  a complete  extinc- 
tion of  the  Oriskany  in  western  Tennessee  where  he  recognizes  a 
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ruiinuiii*>'ietl_  Uriskauy  and  Onondaga  fauna  in  tlie  Camden  chert. 
The  latter  is  identified  with  the  Onondaga  because  of  its  dominant 
Onondagan  fauna  and  the  presence  of  unquestionable  upper  Oriskany 
ill  the  underlying  Quail  limestone  and  Ilarriman  novaeulite  (83). 

Table  XVI  lists  the  Oriskany  species  in  Pennsylvania  and  shows 
their  distribution  between  the  8hriver  and  Ridge'ley  and  in  similar 
Oriskany  strata  in  the  adjacent  states  of  IMaryland,  New  York  and 
•New  Jersey.  The  histogram,  Figure  27,  illustrates  the  same  thing  in 
a graphic  manner. 

In  another  histogram,  Figure  28,  the  total  number  of  species  in 
Pennsylvania,  New  York,  New  Jersey,  and  Maryland,  in  the  Oriskany 
and  its  subdivisions  is  illustrated.  The  total  species  from  Pemisyl- 
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Figure  27.  Histogram  of  the  Oriskany  fauna  of  Pennsylvania  and  per- 
centages of  this  fauna  found  in  other  states  and  in  the  Shriver  and  Ridgeley 

of  Pennsylvania  and  Maryland. 

vania,  Maryland  and  New  Jersey,  and  from  the  Glenerie  and 
Beeraft  Mountain  faunas  are  relatively  close  in  numbers  with  two  ex- 
ceptions. The  Shriver  of  Maryland,  notably  deficient  in  the  number 
of  species,  and  the  general  New  York  Oriskany  column,  are  far  out  of 
proportion.  Undoubtedly  the  list  of  species  from  the  Maryland 
Shriver  can  be  considerably  enlarged  by  further  detailed  study.  The 
figures  that  give  the  number  of  species  from  New  York  are  taken  from 
lists  in  old  reports  in  which  many  fo.ssil  identifications  can  stand  re- 
vision. On  the  basis  of  more  recent  accounts  involving  Oriskany  strata, 
the  total  Oriskanj^  identifiable  species  in  that  State  is  believed  to  be 
between  100  and  125.  The  above  statistics  give  an  average  Oriskany 
fauna  of  108  species  for  New  York,  Pennsylvania,  Maryland  and 
New  Jerseju 

* G.  A.  Cooper  questions  the  identifying  of  the  Camden  chert  with  the  Onondaga 
and  believes  it  and  the  Clear  Creek  chert  of  Illinois  may  both  be  Oriskany;  Personal 
communication. 
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Table  XVI^  Oriskaxy  Facyas  ix  Pennsylvania 


Pennsylvania  Maryland  N.  .1.  New  York 


Fauna 


Zaphrentis  rocmeri  M.  Edwards  & 

Haime  

Z.  sp.  ind 

Favosites  conicus  Hall  

F.  (?)  schriveri  (Herzer)  

Trachypora  oriskania  Weller  


X 


X 


Crinoid  columnals  

Thysanocrinus  cf.  eugenius  Ohern.. 
Technocrinus  spiniilosus  (Hall)  . . . . 

Edriocrinus  sacculus  Hall  

E.  pocilliformis  Hall  


X X X 

X 

X 

X X X 

X 


Lingula  sp.  ind 

Orbiculoidea  roedcri  Schuchert  .... 

O.  jervensis  Barrett  

Pholidops  mulfilamellosa  Schuchert. 

P.  tumida  Schuchert  . . . : 

P.  ovata  Hall  

Lingtilapholis  terminalis  (Hall)  . . . 
Platyorthis  planoconvexa  (Hall)  . . . 

Rhipidomella  cblata  (Hall)  

R.  musculosa  (Hall)  

R.  cf.  marylandica  Schuchert  

Leptaena  rhomboidalis  (Wilckens)  . 
L.  rhomboidalis  var.  ventricosa  (Hall 
Stropheodonta  dcmissa  (Conrad) 

S.  (Leptostrophia)  beckii  (Hall) 

S.  cf.  planulata  (Hall)  

S.  arctimuscula  Schuchert  

S.  (Leptostrophia)  magnifica  (Hall) 

S.  oriskania  Clarke  

Brachyprion  cf.  majus  Clarke  

Strophonella  piinctulifcra  (Conrad) 
Schuchcrtella  becraftensis  (Clarke)  . 

S.  sp.  ind 

Hipparionyx  proximns  Vanuxem 

Chonetes  rowei  Schuchert  

C.  hudsonicus  Clarke  

Anoplia  nucleata  (Hall)  

Chonostrophia  complanata  (Hall) 
Plethorhyncha  speciosa  (Hall)  . . . . 

Straelenia  barrandi  (Hall)  

S.  barrandi  var.  fitchana  (Hall)  ... 

S.  pleiopleura  (Conrad)  

Uncinulus  vellicatus  (Hall)  

Eatonia  pcculiaris  (Conrad)  

E.  medialis  (Vanuxem)  


X 

X 

X 

X 

X 

X 

X 


•p 

X 

X 

X 

X 

X 


X 


X 

X 


X 


X X X 

X X 

X X ? X 

X X • 

X X X X X 

X X X 

X X X 

? X X X 

X 

X 

X X X X 


X 

X 

X 

X 


X 


X 


X 


X 

X 

X 
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Table  XVJ  Okiskany  Fauxas  ix  Pexxsylvama — Coutiuued 


Permsylvauia 


Maryland  N.  J.  New  York 


Fauna 


sinuata  Hall  

Renssclaeria  ovoides  (Eaton)  

R.  ynarylandica  Hall  

R.  (Beachia)  cumbcrlajidiac  (Hall). 
R.  (Beachia)  suessana  (Hall)  .... 

R.  (Beachia)  ovalis  (Hall)  

Oriskania  lucerna  Schuchert  

Atrypa  reticularis  (Linnaeus)  . . . 

“ Spirifer”  cumberlandiae  Hall  

"S.”  tribulis  Hall  

“N."  miirchisoni  Castelnau  

“A."  hartleyi  Schuchert  

"S."  arenosus  (Conrad)  

Elytha  saffordi  Hall  

Metaplasia  plicata  Weller  

Crytina  rostrata  (Hall)  

Trematospira  multistriata  (Hall)?  . 

Xuclecspira  ventricosa  (Hall)  

iV.  cf.  elcgans  Hall  

Afioplotheca  dichotomu  (Hall)  .... 

A.  concava  (Hall)  

A.  fimbriata  (Hall)  

A.  flabellites  (Conrad)  

Mcristella  lata  (Hall)  

M.  lentiformis  C'larke  

M.  rostellafa  Schuchert  

M.  sp.  ind.  (cf.  " (jigantea”  Xld.  Sur- 
vey— nomen  nudem)  

Aciinoptcria  communis  (Hall)  

A.  textilis  (Hall)  

A.  textilis  var.  arcnaria  (Hall)  . . 

A.  cf.  virginica  Uhern  

Megambonia  lamellosa  Hall 

Lcxonema  sp.  ind 

Orthonychia  tortuosum  (Hall)  .... 

Flatyceras  nodosum  Conrad  

P.  gebhardi  Conrad  

P.  gebhardi  var.  ventricosum  ('onrad 

P.  subfalcum  Ohern  

P.  spirale  Hall  

P.  siibconicum  (Jhern  

P.  nezvbcrryi  Hall  

Diaphorostoma  vcntricosiun  (Conrad) 
/,).  desmatiim  Clarke  

Tentaculites  acus  Clarke  

T.  aculus  Hall  

T.  elongatus  Hall  . . 

T.  recdsi  Yokes  


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

X X 

X 

X 

X 

X 

X X 

\ X 

X 

X 

X 

- ___  X 

X 1 X 

X 

X 

X 

X 

X X 

' 

Variety. 


Calcareous . inchidinf,' 
“Glenorie”  launa 
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'rABi.E  X\a.  Okiskaay  Fauaas  IX  Pexxsylvaxia — Continued 


Pennsylvania  Maryland  N.  J.  New  York 


Fauna 


Conularia  pyramidalis  Hall 
Conularia  huntiana  Hall  . . 


Phacops  &p.  ind 

Honialonotus  sp.  ind 

Dahnaiiitcs  dentafus  Barrett?  . 

D.  pleuroptyx  (Greene)  

Acidaspis  tubcrculata  (Conrad) 


■?  X 

X 


Paraschmidtella  dorsopuncfata  Swartz 
Aechmina  higeneris  Swartz  

A.  spinoterminata  Swartz  

Primitiella  (?)  ventricosa  Swartz 
Pyxiprimitia  ventriclefta  Swartz  . . . 

P.  ventripunctata  Swartz  

Parabolbina  limbata  Swartz  

P.  ventrispinosa  Swartz  

Bollia  sagittaformis  Sw'artz  

B.  burgeneri  Swartz  

B.  americana  Ulrich  & Bassler  .... 
B.  americana  var.  cygocornis  Swartz 

B.  cristata  Swartz  

Ulricha  affinis  Bassler  & Kellett  . . . 

U.  pluripunctata  Swartz  

IJ.  terminata  Swartz  

Acanthoscapha  pentagonalis  Swartz  . 
Tubulibairdia  tubulifcra  Swartz  ... 
Parahealdia  (?)  centralis  Swartz  .. 

Cavellina  paraguaesita  Swartz  

Thlipsura  confluens  Swartz  

T.  rohusta  Ulrich  & Bassler  

T.  robusta  var.  tricornis  Swartz  . . . 
Thlipsurclla  oblonga  Ulrich  & Bassler 

T.  ellipscoclefta  Swartz  

T.  sccoclcfta  Swartz  

r.  curtinensis  Swartz  

T.  crateriformis  Swartz  

T.  orthoclcfta  Swartz  

Octonaria  deltisulcata  Swartz  

O.  dorsosulcata  Swartz  


Variety. 
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Many  s^ieeies  common  in  the  Sliriver  do  not  appear  in  the  Ridgeiey 
and  vice  versa.  For  example,  among  the  more  common  forms  31 
species  of  ostraeoda  ahnndant  in  the  8hriver  liave  never  been  found 
in  the  Ridgeley.  This  is  no  doubt  chiefly  due  to  the  arenaceous 
nature  of  the  Ridgeley  ■which  is  an  unsuitable  medium  for  the  preser- 
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Figure  28.  Histogram  to  illustrate  the  distribution  of  the  total  number  of 
Oriskany  species  in  Pennsylvania,  New  York,  New  Jersey  and  Maryland. 


vation  of  such  minute  and  delicate  fossils.  Other  more  abundant 
species  never  found  in  the  Ridgeley  are  Orhiculoidea  jervensis, 
Stroplieodonia  arctimuscula,  S.  puncfuUfera,  Tentacidites  acus,  and 
T.  aculus.  Some  species  that  are  generally  considered  Shriver  forms 
but  occasionally  are  found  up  in  the  Ridgeley  include  Metaplasia 
plicata  and  Schuchertella  hecraftensis. 
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Of  the  more  common  Kidgeley  species  never  found  in  the  Shriver 
Hipparionyx  proximus,  Straelenia  barrandii,  Bensselaeria  mary- 
landica,  R.  ovmdss,  Acfinopterm  textilk  var.  arenaria,  and  Platyceras 
subconicinn  are  the  eliief  forms.  Common  in  the  Ridgeley  but  occa- 
sionally found  in  the  Shriver  are  “ ^pirifer”  arenosus,  Stropheodonfa 
magnifica,  and  Anoplothcca  fimbriata. 

Species  common  in  both  Shriver  and  Ridgeley  include  Edriocrinus 
sacculus,  Plat yorf his  phnwcoitvexa,  Chonetes  hudsonicus,  Eafonia 
peculiaris,  Rcnsselacria  ovalis,  “ Spirifer”  murchisoni,  Orthonychia 
tortuosa,  Av.oploihcca  flabeUites,  and  Plaiyceras  gebhardi. 

The  Shriver  formation,  consisting  of  impure  siliceous  limestone, 
impure  chert,  and  both  siliceous  and  calcareous  shale,  may  be  con- 
sidered as  representing  a deep-water  phase  of  the  Oriskany.  Lith- 
ologically there  is  no  great  change  from  the  Upper  Helderberg  de- 
posits except  that  the  siliceous  content  of  the  Shriver  is  generally 
greater.  The  ShriA'er  is  abundantly  fossiliferous,  the  fossils  occurring 
chiefly  in  the  middle  and  upper  beds.  Attempts  at  zoning  have  been 
tried  but  have  not  proved  successful.  However,  future  intensive 
zoning  efforts,  based  principalh'  upon  the  ostracoda,  may  be  possible. 

The  “Oriskanj^”  white  clays  formerly  thought  to  occur  in  Carbon 
and  Monroe  Counties  as  well  as  in  Huntingdon  County,  are  now 
known  to  be  restricted  to  Huntingdon.  The  deposits  in  Carbon  and 
Monroe  Counties  occur  in  the  upper  Helderberg.  The  Huntingdon 
County  Oriskany  white  claj^s  are  in  the  Shriver  formation  and  have 
been  described  earlier  in  this  chapter.  The  fauna  is  typically  that 
of  the  Shriver  and  the  specimens  are  beautifully  preserved  as  molds 
and  casts. 


White  clay  faunule,  quarry  of  the  Alexandria  Fire  Clay  Company,  three 
miles  southeast  of  Alexandria,  Huntingdon  County. 


Traycliupora  oriskania  Weller,  r 
Pholidops  multilamellosa  Schuchert, 
a 

iStroplieodonta  cf.  planiiJata  (Hall),  r 
S.  sp.  ind. 

Scliuchertella  hecraftensis  (Clarke), 
c 

Chonetes  hudsonicus  Clarke,  c 
C.  sp.  ind. 

Anoplotheca  flmhriata  (Hall),  c 
.1.  flahellites  (Conrad),  c 
Meristella  lentiformis  Clarke,  r 
Metaplasia  plicata  Weller,  a 
Oriskania  lucerna  Schuchert,  r 

a - abundant,  c - common,  r - rare. 


Itensselaeria  suessana  (Hall),  r 
Conularia  cf.  pyramidalis  Hall,  r 
Tentaculites  reedsi  Yokes,  c 
Platyceras  gebhardi  Conrad,  r 
P.  sp.  ind. 

Bollia  americana  var.  zygocornis 
Swartz,  a 

B.  sagittaformis  Swartz,  c 
T ubulihairdia  tubulifera  Swartz,  a 
Acanthoscapha  pentagonalis  Swartz, 
a 

Thlipsurella  oblonga  Ulrich  & Bass- 
ler,  c 

Dalmanites  sp.  ind.,  c 


The  presence  of  both  Shriver  and  Ridgeley  in  Perry  County  has 
been  a problem  that  has  perplexed  investigators.  Lithologically  the 
Oriskany  is  divisible  into  conglomeratic  sandstone  and  medium- 
grained sandstone  above  and  white  chert  and  arenaceous  chert  below. 
Such  units  hold  in  the  eastern  part  of  the  county,  but  in  the  central 
portion  in  the  vicinity  of  Kistler  and  Loysville  the  sandstone  and 
cherty  beds  are  interbedded.  AYith  the  exception  of  the  Loysville 
area  the  fauna  of  both  the  white  cherts  and  the  overlying  sandstone 
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and  cjouglomeratic  sandstone  is  a Ridgeley  fauna.  F.  M.  Swartz 
secured  ostraeoda  from  the  white  cherts,  but  they  were  not  char- 
acteristic Shriver  species  (personal  communication). 

Northeast  of  Loysville  miles,  in  Bernheiser  Ridge,  Oriskany 
sandstone  and  yellowish  and  white  arenaceous  chert  are  interbedded. 
A large  fauna  is  present  and  occurs  chiefly  in  the  cherts.  The  fauna 
is  mixed  Ridgeley  and  Shriver,  such  species  as  Metaiolasia  plicata, 
Pholidops  multilamellosa,  occurring  with  “ Spirifer”  arenosus, 
Idtraeloiia  pleiplcnru,  C'yrtma  rosirata,  etc.  In  spite  of  this  com- 
mingling the  presence  of  the  Shriver  as  a formation  in  Perry  County 
is  doubtful.  Characteristic  Shriver  fossils  are,  for  the  most  part, 
absent,  and  the  occurrence  of  typical  Ridgeley  forms  throughout  the 
cherty  beds  is  significant.  Because  of  its  peculiar  interest  the  Oris- 
kany fauna  at  Loysville  is  listed  below: 


Oriskany  fauna  at  Luysville,  Perry  County 


Technocrinus  spinulosus  (Hall),  r 
Pholidops  cf.  multilamellosa  Schu- 
chert,  r 

Platyorthis  planoconvexa  (Hall),  r 
Rhipidomella  cf.  ohlata  (Hall),  r 
Leptaena,  rhomhoidalis  (Wilckens),  r 
Stropheodonta  demissa  (Conrad),  r 
tSchuchertella  hecrafteasis  (Clarke), 
r 

Chonostrophia  eomplanata  (Hall),  r 
Straelenia  pleipleura  (Conrad),  r 
Stenochisma  formosa.  (Hall),  r 
Eatonia  peculkiris  (Conrad),  r 
Rensselaeria  cumherlandlae  (Hall), 
r 

R.  siiessana  (Hall),  c 

a - abundant,  c - common,  r - rare. 


R.  ovalis  (Hall),  c 
Oriskania  lucerna,  Schuchert,  r 
"Epirifer”  murchisoni  Castelnau,  a 
“S.”  arenosus  (Conrad),  c 
Metaplasia  plicata  Weller,  c 
Cijrtina  rostrata  (Hall),  r 
y ucleospira  ventricosa  (Hall),  r 
Anoplotheca  concava  (Hall),  r 
A.  fluhellites  (Conrad),  c 
Meristella  lata  (Hall),  a 
M.  sp.  ind. 

Actinopteria  textilis  var.  arenuria 
(Hall),  r 

Tentaculites  elongatus  Hall,  r 
Platgceras  gebhardi  Conrad,  c 
Diaphorostoma'  desmatum  Clarke,  a 


CORRELATION 

The  Ridgeley  and  Shriver  faunas  are  botli  definitely  (Jriskanian 
and  may  be  correlated  with  the  paspeasis-fauna.  The  gaspensis- 
fauna  derives  its  name  from  the  Moose  River  sandstone  fauna  in 
Maine,  characterized  by  Spirifer”  gaspensis.  A recent  paper  by 
R.  S.  Allan  (1)  devotes  considerable  space  to  the  study  of  the 
correlation  and  relationships  of  Upper  Silurian  and  Lower  Devonian 
faunas  in  northeastern  America  and  western  Europe.  In  this  excel- 
lent paper  Allan  correlates  in  the  “ gaspensis^-i^una.  those  Oris- 
kanian  faunas  found  in  the  Moose  River  sandstone  of  Maine,  the 
Gaspe  sandstone  and  Grand  Greve  limestone  of  Quebec,  the  Oriskany 
•sandstone  of  New  York,  and  the  Ridgeley  and  Shriver  of  Maryland. 
To  this  list  may  be  added  the  fauna  of  the  Littleton  formation  in 
,\ew  llam])shiir,  the  Gleneri(>  and  Becrafl  IMountain  faunas  (cal- 
careous Oriskany)  of  New  York,  the  faunas  of  the  “ Spinf er”  murchi- 
soni and  Orbiculoidea  iervensis  zones  of  the  New  Jersey  Oriskany, 
rhe  faunas  of  the  Ridgeley  and  Shriver  of  Pennsylvania,  the 
Oriskany  sandstone  of  Yirginia,  the  Ridgeley  and  Shriver  and  prob- 
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ably  also  the  Huntersville  ehert  of  West  Virginia.  Other  faunas 
that  can  likewise  be  correlated  with  the  gasijensis-feain'd  are  those 
from  the  Quail  limestone,  the  Harriman  novaculite,  and  possibly  the 
overlying  Camden  chert  in  western  Tennessee.  The  Clear  Creek 
chert  in  Illinois  is  the  northward  extension  of  the  Camden,  hence 
its  fauna  likewise  may  possibly  be  correlated  with  the  gaspensis- 
fauna.  As  has  been  pointed  out  earlier  in  the  chapter,  some  ques- 
tion exists  concerning  the  Oriskany  age  of  the  Camden  and  Clear 
Creek  cherts ; consequently,  until  the  Oriskany  correlation  of  these 
formations  is  definitely  decided,  they  are  only  tentatively  included 
here.  In  Missouri  the  Little  Saline  limestone  is  definitely  correlated 
with  the  pas2Jensis-fauna. 

The  gaspensis-iaxmd  contains  in  the  Moose  River  sandstone  such 
characteristic  fossils  as  “ Lep>tostrop>hia  perplana”  (probably 
stropheodontas  of  the  8.  magnifica  type),  “ Spirifer”  murchisoui, 
“S.”  gaspemis,  Antispirifcr  harroldi,  Anoplotheca  fiahellites,  and 
Folhn  amie  I la  m aim  n s is . 

Allan  lists  fifteen  typical  Ridgeley  species  from  Maryland  as  essen- 
tially agreeing  with  the  gasj^ensis-faima.  He  also  lists  seven  com- 
mon Shriver  species  which  he  calls  the  tribiiUs-sub-famaa  after 
“ Spirifer”  trihulis,  but  which  he  says  is  not  essentially  distinct  from 
the  gaspensis-iaxma.  He  cites  lists  from  the  Ridgeley  and  Shriver  of 
Maryland  that  can  be  duplicated  with  Ridgeley  and  Shriver  species 
from  Pennsylvania,  hence  the  similar  formations  may  be  claimed  to 
correlate  with  the  gaspensis-faxxxxa. 

He  continues  and  correlates  Oriskany  faunas  of  eastern  North 
America  with  faunas  of  western  Europe,  as  follows: 

As  far  as  comparison  with  western  European  communities  is  possible, 
the  characteristic  fossils  of  the  arenaceous  horizons  represented  by  the 
Moose  Eiver  sandstone,  the  Gaspe  sandstone,  and  the  Oriskany  sandstone 
of  New  York,  suggest  the  tiercymae-fauna  of  Lower  Emsian  [Coblentzian] 
age.  This  correlation  is  based  chiefly  on  the  presence  in  these  American 
strata  of  Spirifers  of  the  Ixercyniae-type  (S.  gaspensis,  S.  murchisoni) , and 
of  Leptostrophias  of  the  explanata-typ&  (L.  magnifica  and  its  varieties). 

It  has  been  shown  that  the  fauna  of  these  American  arenaceous  horizons 
is  essentially  similar  to  that  of  the  calcareous  Oriskany  strata  in  Maryland. 
Of  the  twenty-four  species  cited  as  characteristic  of  one  or  other  of  the 
arenaceous  horizons,  seven  occur  in  the  calcareous  Oriskany  of  Maryland. 

If  these  conclusions  are  legitimate,  then  an  important  fact  emerges.  The 
<;aspewsis-fauna  of  the  calcareous  facies  in  Maryland  is  the  equivalent  of 
the  hercyniae-faxma  of  psammopelitic  facies  in  western  Europe. 

Allan  points  out  also  that  in  a sequence  of  oj^en-water  calcareous 
facies,  from  the  aspect  of  faunal  chronology  there  are  no  sharp  faunal 
boundaries.  For  example,  the  sequence  of  faunas  is  transitional  and 
gradual  from  the  Coeymans  into  the  New  Scotland,  the  New  Scotland 
into  the  Shriver,  and  the  Shriver  into  the  Ridgele3L  This  fact  has 
already  been  demonstrated  earlier  in  the  chapter  where  it  has  been 
shown  that  18  per  cent  of  the  Ridgeley  and  23  per  cent  of  the  Shriver 
faunas  in  Penns.vlvania  are  found  in  the  Helderberg. 
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Table  XVH.  Oriskaxy  Correlations"' 


Western  Euro- 
pean fauna 

Quebec 

Maine 

New  Hampshire 

HERCYNIAE 

Gaspr  sandstone 

Moose  Eiver 

Littleton 

Gi-and  Greve  limestoU'^ 

sandstone 

formation 

Div.  7 & 8 

New  York 

New  .Jersey 

Pennsylvania 

Maryland 

Virginia 

. Oriskany  ss. 
' Gleiierie 
I Hecraft  Mtu. 

i "Splri  ff  r"  in  inch  i- 
1 soiii  zone, 
j Orhirufoidra  jcr- 

f /Tz/.v/.s'  zmie. 

) Kidgeley 
^ Shriver 

j Kidgeley 
1 Shriver 

Oriskany 

sandstone 

West  Virginia 

Western  Tennessee 

Illinois 

Missouri 

X.  American 
fauna 

i Huntersville 
) chert 
\ Ridgeley 
* Shriver 

j,  (Camden  chert)? 
; Harriman  nova- 
\ culite 

( Quail  limestone 

(Clear 
Creek 
chert) ? 

Tattle 

Saline 

limestone 

GASPEN- 

SIS 

X'ote:  The  Dnlnuuiitcs  dcuiatus  zone,  the  basal  Oriskany  in  New  Jersey, 

by  the  presence  oi’  "i^i>b'ifcr”  cijcloptcrus  shows  a mixing  of  the 
(jaspcnsis-f-Aiuia,  with  the  older  cyclopt enis-ta.\nn\.  Consequently  its 
faunal  chronology  is  older  and  it  cannot  be  exactly  correlated  with 
the  hcrcuniuc-guispensis  fauna. 

Lack  of  positive  data  on  the  faunas  of  the  Arniuchee  chert  and  the 
Trog  Mountain  sandstone  of  Georgia,  and  the  Jemison  chert  and 
the  Frog  Mountain  sandstone  of  Alabama  prevents  their  inclusion 
in  the  correlation  table. 


Allan  selected  the  Maryland  Upper  Siliirian-Lower  Devonian  strati- 
graphic column  as  the  unit  of  comparison  for  faunas  of  the  cal- 
careous facies.  He  selected  the  Maryland  column  in  preference  to 
that  in  New  York  because  “the  relation  of  pre-Coeymans  units  in 
New  York — Manlius,  llondout,  Cobleskill,  etc. — to  those  of  Maryland 
is  a thorny  jiroblem,  concerning  which  American  geologists — AVeller, 
Ulrich,  llartnagel,  and  others — present  most  discordant  views”  (1). 
He  also  pointed  out  that  whereas  the  seciueuce  in  Bohemia  is  classic, 
it  is  imperfectly  known. 

Certainly  equal  to  the  sequence  of  Maryland  Upper  Silurian-Lower 
Devonian  strata  as  a unit  of  conqiarison  for  faunas  of  the  calcareous 
facies,  and  perhaps  superior,  is  the  similar  sequence  in  south-central 
and  central  Pennsylvania.  The  development  of  the  Shriver  and  the 
knowledge  of  its  fauna  is  much  better  in  Pennsylvania.  The  better 

* Adapted  from  Allan’s  paper. 
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exposures  of  -weathered  strata  in  the  Shriver  and  the  recent  detailed 
studies  of  F.  M.  Swartz  of  Shriver  faunas,  and  the  ostraeoda  in  par- 
ticular, make  Pennsylvania  the  classic  region  to  study  ITelderbergr- 
Oriskauy  relationships.  It  is  fortunate  that  this  is  true,  because  for 
the  first  time  opportunity  is  afforded  detailed  correlations  between 
the  Oriskany  strata,  arenaceous  and  calcareous,  in  New  York  and 
Xew  Jersey,  and  the  Oriskany  Shriver-Kidgeiey  faunas  of  i\Iaryland. 


LOCAL  SECTIONS  OF  THE  ORISKANY  GROUP 

The  following  sections  were  measured  during  the  field  seasons  of 
1936  and  1937.  The  section  at  Minisink  Mills,  on  Brodhead  Creek 
in  Monroe  County,  was  visited  several  times,  once  in  the  company 
of  F.  M.  Swartz,  who  helped  establish  the  Oriskany-Helderberg  con- 
tact. The  sections  at  Hyndman  and  Little  Gap  were  remeasured  and 
studied  in  1938,  and  the  section  at  Dallego  quarry,  near  Schuylkill 
Haven  in  Schuylkill  County,  was  studied  and  measured  for  the  first 
time  in  1938. 

The  Shriver  section  on  the  Frankstown  road  about  a mile  north 
east  of  Hollidaysburg  is  one  of  the  finest  known  in  the  State.  F.  bl. 
Swartz  has  described  this  and  another  Shriver  section,  at  bloiint 
Rock  near  Lewistown  in  blifflin  County,  in  the  preceding  chapter  on 
the  Helderberg  group ; consequently  they  are  not  repeated  in  this 
chapter,  but  the  reader  is  asked  to  refer  to  them. 

All  the  sections  are  given  in  descending  stratigraphic  order.  After 
the  name  of  a fossil  aa  means  very  abundant,  a — abundant,  c — com- 
mon, r — rare,  rr — very  rare. 


Hyndman,  Redford  County 

A splendid  Oriskany-Helderberg  section  is  exposed  in  old  quarries 
on  the  northern  edge  of  Hyndman.  The  quarries  are  immediately 
west  of  State  Highway  96.  The  highest  Oriskany  (Ridgeley)  is  ex- 
posed west  of,  and  continuous  with  the  quarry  section,  along  the 
tracks  of  the  Baltimore  & Ohio  Railroad. 

Feet 

Oriskany  group : Unit  Total 

Eidgeley  sandstone : 

Medium-grained,  brownish  to  white  sandstone.  Con- 
tains conglomeratic  beds  in  mere  pebble  bands  and 
in  beds  up  to  two  feet  thick.  The  pebbles,  primarily 
quartz,  range  up  to  Vs  inch  in  diameter.  This  entire 
zone  is  fossiliferous,  but  is  especially  so  in  the  lower 
20  feet.  Edriocrinus  saccultis  (c),  fht/sanocrinits  cf. 
eiigenius  (rr),  Stropheodonta  magniflca  (c),  Hippa- 
riongx  proximus  (c),  Renssetneria  muri/Iaudica  (a), 

R.  suessana  (a),  “Spirifer”  arenosus  (a),  “S.” 

murcliisoni  (a),  Platyceras  gehliardi  (aa)  occur.  55±  302 


Concealed  3.5±  24T 

Calcareous,  grayish  sandstone,  with  chert  nodules  and 
layers  of  chert  nodules,  and  beds  of  chert.  At  the 
top  of  this  unit  the  Eidgeley  has  been  folded  and 
faulted.  The  sandstone  is  medium-grained  and 
grades  into  the  Shriver.  Eatonia  sinuata  (rr),  E. 
peculiaris  (c),  Rensselacria  suessana  (c),  Anoplo- 
theca  flaiellites  (c),  “Spirifer”  murcliisoni  (c),  Platy- 
ceras geihardi  (aa)  occur.  50  212 
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Feet 

Shriver  formation  : T'nit  Total 

Hig-hly  siliceous  limestone,  impure,  dark  gray  to  black, 
with  interberls  of  blade  chert,  black  chert  nodules 
and  layer.s  of  nodules.  The  section  in  the  ([uarry  is 
all  fresh  rock.  The  basal  beds  are  very  shaly  and 
the  fossils  are  largely  confined  to  the  middle  and 
upper  beds.  Because  of  the  freshness  of  the  Shrivei-. 
fossil  collecting-  is  not  very  satisfactory.  Chonctes 
hudsoniriis  (c),  Anoplothec'd  flaheUites  (c),  Metapla- 
sia plicata,  (c),  MeristeUa  lata  (r),  ^^Hpirifer”  cf. 

)ii  arch  iso  III  (r),  Daliiiaiiites  plenrnpti/op  (r),  Bollia 

rristata  (a)  were  identified.  l.'iT  1(52 


Helderberg-  group  : 

Mandata  sliale 

Black  slightly  calcareous  shale  replete  with  Amho- 
roclia  iniihoiiala  (aa),  and  an  occasional  Stro- 
phouella?  railiafa  (c).  2t  25 

Black  sooty  fissile,  slightlv-  calcareous  shale.  Liiii/iia 

2 sp.  ind.,  Btplioliiia  s]).  ind.  (c).  1 1 

Gray,  highly  calcareous  sl'.ale.  very  fossiliferous,  Bclni- 
rlirrtclta  irool  irort  li  a iia  (aa).  A iioplollirra  roiirara 
(c),  Ealonia  lardialis  (c). 


Bedford  Springs,  Bedford  Counly 

This  section  is  exposed  on  the  north  side  of  State  Highway  220 
about  8 miles  south  of  Bedford  Springs.  Tlie  Ridgeleyd  Inondaga 
contact  is  not  exposed.  An  unusual  feature  is  the  thinness  of  the 
Shriver,  only  40  feet,  which  is  considerably  thinner  tlian  in  other 
sections  in  the  county. 


Oriskany  groip) : 

Ridgeley  sandstone  ; 

Atassive-bedded  white,  rusty-weathering  juediuin- 
grained  sandstone.  Sjsarsely  fossiliferous:  Rciis- 

sclacria  marylandica  (c),  ^"Bpirifer"  arenosiis  (c), 
“»S'.”  iinirchisoii i (c). 

Shriver  formation  : 

Platy,  highly  siliceous,  impure  gray  limestone,  becomes 
cherty  near  the  base.  These  cherts  are  somewhat 
arenaceous. 

Helderberg  group: 

Mandata  sliale  and  Xew  Scotland  limestone: 

Fissile,  sooty  black  shale;  barren. 

Thick  and  thin-bedded  bluish-black  limestone  and  inter- 
bedded  black  chert.  Very  foss.liferous : “Spirifer" 

prrJaiuellosiis  (aa).  Eospirifer  warropleiirus  (c). 


Feet 

Fnit  Total 


10.5  FhM/;. 


40  84  Vs 


441/3  44/5 


Cumberland  City  Reservoir  (Thos.  Kooii  Dam), 

Bedford  County 

This  section  is  at  the  northwest  end  of  the  Thos.  W.  Koon  dam, 
east  about  1 mile  of  State  Highway  220,  approximately  8 miles  north 
of  Cumberland,  Maryland  and  about  6 miles  south  of  Centerville 
(Bedford  Valley  P.  0.)  in  Bedford  County,  Pennsylvania. 

Sections  occur  at  both  ends  of  the  dam.  and  for  the  Ridgeley  are 
among  the  finest  in  the  State. 
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Onondaga  group : 

Needmore  shale: 

Gi-eenish  soft  shale,  weathered  yellowish  gia'en. 


Feet 

Fnit  Total 


Oriskany  group: 

Ridgeley  sandstone  : 

The  upper  Ridgeley  lias  been  strongly  ^\•eathel•e^l  and 
is  mostlj"  broken  down  into  loose  brownish  sand.  In- 
terbeds of  quartz-i^ebble  eonglomerate  oecur  in  the 
u)iper  xiart.  The  cementing  material  between  the 
sand  grains,  which  lias  been  removed,  was  originally 
calcareous.  “.S'/u'W/er”  areunsiis  (c),  “tSpirifcr”  iinn- 
rlii.soni  (c),  AnopJothcca  flabcllUcs  (aa)  occur.  Id.")  1T2 

Calcareous  sandstone,  bluish-gray,  weathering  forms 
pockets  in  the  rock  in  which  silicified  fossils  and 
sand  accumulate.  The,  lower  Ridgeley  beds  are  ex- 
tremely fossiliferous : Faro.'<itrs  roinciin  (rr).  Tcclt- 
noerinns  cf.  spinnloftiid  (rr),  Edriocrlnua  fmccvhiti 
(a),  E.  pocilliformls  (a),  Hlropheodonta  mafinlflcn 
(rr),  riatporthis  planoconvcxn,  (c),  Rhipidomella 
musculosa  (r),  Eatonia  peciiliaris  (c)  Aiioplothecti 
fimhriata  (aa),  A.  flahellites  (c),  Cijrtina  rostrata 
(rr),  Rensselaeria  mariiJamUca  (c),  R.  ftuessann 
(c),  "'Spirifer''  nrejiosus  (c),  “S.”  miirchii^oni  (c), 

Rlaitjeeras  gchliardl  (aa),  P.  vodoaiim  (r),  Dalnian- 
itex  cf.  pJeuroptyx  (r).  2h 


.Shriver  formation  : 

Platy,  siliceous,  somewhat  arenaceous,  bluish-gray  IT  IT 
limestone  with  thin  interbeds  of  black  chert  and 
black  chert  nodules.  Fossils  very  difficult  to  colled 
because  of  the  freshness  of  the  rock:  AnnpJothnut 

flahellites  (c),  Ftrnphrodovta  sp.  ind.  (rr). 

Concealed. 


Mount  Eagle,  Centre  County 


This  .section  occurs  in  and  joining  the  Carson  sand  (jiiarry 
mile  north  of  the  village  of  Mount  Eagle.  The  ((uarry  in  the  Ridgeley 
sandstone  is  about  100  yards  long  by  ‘20  yards  wide. 

I''eet 

Oriskan}'^  group:  I'nit  'total 

Ridgeley  sandstone  : 

Fine  and  coarse-grained  bro\vnish  sandstone,  occasional 
beds  of  white  sandstone.  The  actual  contact  with  the 
Onondaga  is  not  seen,  but  the  top  beds  are  impreg- 
nated with  limonite,  and  the  topograi^hic  expression 
of  the  low  ridge  held  up  by  the  Oriskany  and  Neu 
Scotland,  the  northern  slope  of  which  is  formed  by 
the  linionite-stained  Ridgeley,  suggests  that  this  bed 
is  the  top  of  the  Ridgeley.  “S/Pirifer"  areaosus  (c), 

‘vS'.”  murcliisouh  (c),  Rensselaeria  inari/hnidira  (c), 

Platyccras  gehhardi  (c)  were  collected.  :")()  141 


Shriver  formation  : 

Between  the  active  quarry  and  the  crusher,  the  Shrivci- 
is  poorly  exposed.  There  are  few  concealed  intervals 
exce^it  near  the  base,  above  the  New  Scotland. 

The  upper  beds  of  the  Shriver  consist  of  impure,  thin- 

bedded  chert  which  weathers  white.  21  04 


DEVON  I AX  OE  I’EXXSY  IA’AMA 


Feet 

Unit  Total 

Underlying  the  chert  beds  the  Shrlver  is  a gray,  plat.y, 
siliceous  and  shaly  limestone.  This  limestone  is 
impure  and  is  punky  near  the  to^). 

Edriocrimis  siicculiis  (c),  Plai yorthis  planoconvcxa 
(r),  Rhipidoinella  tii  unnilosa  (r),  Aiioplotheca 
ellites  (a),  Renssclacria  SHessana  (r),  Metaplasia 
plicata  (r),  “Spirifer”  cf.  murchisoni  (r),  Meristella 
lata  (c),  Dalmaniivs  sp.  ind.  (rr). 

Black  slightly  calcareous  shale  is  common  near  the 

bottom  of  the  above  unit.  53  73 

Concealed.  20  20 

llelderberg  group ; 

New  Scotland  formation  : 

Interbedded  black  chert  and  bluish-black  limestone  in 
beds  3 inches  to  6 inches  thick. 


Jersey  Shore  (Pine  Creek),  Lyeoming  County 


The  Oriskany  is  exposed  in  road  cuts  about  V2  kiile  south 

of  Route  220,  the  higlrw^ay  between  Jersey  Shore  and  Avis,  on  the 
east  side  of  Pine  Creek.  The  sequence  of  Oriskany  strata  is  soutli 
of  and  continuous  with  the  llelderberg  sections  there  seen.  The 
Ridgeley  is  best  exposed  on  the  north  side  of  the  Pine  Creek  Lime- 
stone Company  quarry,  % mile  south  of  the  highw^ay  above  mentioned  : 

Feet 

Oriskan3’  group):  Unit  Total 

Ridgeley  sandstone : 

Fine-grained,  iron-stained,  sugary,  calcareous  sand- 
stone. Weathers  buff,  porous;  ver.y  much  broken 
up  in  the  bank.  Traverse  N39°E,  250  feet.  Very 
fossilf  rolls:  Rhipidowc  la  cf.  iiiariilaiidica  (r), 

Rensselaeria  marylandica  (c),  R.  suessana,  (r),  Ilip- 
par  onyx  prox.inus  (r),  “iS'p/r//<,r”  arcnosHS  (aa), 

“(S'.”  inurchisoni  (an).  93  174 


Shriver  formation: 

Thin-bedded,  black,  somewhat  arenaceous  shale.  Wea- 
thers butt’  and  grey.  The  Shriver  is  largely  cov- 
ered. Traverse  N39  F,  220±  feet.  L'uifiula  sp.  ind. 

(rr),  Chonctes  hinlsonicHS  (aa),  Anoplothcca,  flahel- 
lites  (c),  ""Spirifer”  murchisoni  (r).  In  this  same 
section  Swartz  collected  in  addition  to  forms  in- 
cluded here,  Stropheodonta  arctimuscula  (c),  “Spiri- 
fcr"  I rihurariits  (this  is  pirobably  Metaplasia  plicata) 

(r),  Bollia  americana  and  Thlipsura  confluens.  81±  81 

llelderberg  group : 

New  Scotland  limestone: 

Dense  blu'sh-black  limestone  with  interbedded  chert. 

The  Ridgeley  sandstone  expiosed  on  the  north  side 
of  the  Pine  Creek  Limestone  Company  quarry  is  a 
gray,  very  calcareous  sandstone.  This  section  is 
about  14  mile  south  of  the  previous  s'ction  and  is 
abundantly  fossilif erous : “/Spirt/er”  arenosus  (a), 

“(S'.”  murchisoni  (a),  Anoplotheca  flahelUtes  (c),  Oris- 
Icania  lucerna  (r),  Rensselaeria  sp.  ind. 


ORISKANY  SECTIONS 
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Montoursville,  Lycoming  County 

This  section  is  exposed  1 mile  east  of  Montoursville  in  the  quarry 
of  the  Lycoming  Silica  Sand  Company.  The  Ridgeley’  is  splendidly 
exposed  here  and  in  another  small  quarry  VI  miie  east  of  the  Wil- 
liamsport Country  Club  on  the  north  side  of  the  State  Highway 
between  Williamsport  and  Muncy. 

Oriskany  group ; 

Eidgeley  sandstone : 

White  sugary  sandstone,  loosely  cemented.  Pebble 
bands  common,  upper  15  feet  iron-stained.  The 
contact  with  the  overlying  Needmore  shale  of  the 
Onondaga  group  is  seen  at  the  top  of  the  quarry. 

The  basal  beds  of  the  Eidgeley  are  very  cherty,  the 
chert  weathering  white.  They  contain  : 

Edriocrinus  sacculus  (c),  Platijorthis  planoconv''xa 
(r),  ‘‘Spirifer’’  arenosus  (c),  “S.”  murcMsoni  (c), 

Anoplotheca  flahellites  (c)  ; in  the  Eidgeley  quarry 
approximately  2 miles  to  the  west  other  typical 
Eidgeley  fossils  are  abundant:  Hipparionyx  proxi- 

mus  (aa),  “Spirifer”  arenosus  (a),  “S.”  murcMsoni 
(aa),  Rensselaeria  ovoides  (r),  R.  marylandica  (aa). 

In  cherty  beds  at  the  base,  part  of  which  may  be 
Shriver,  fossils  are  abundant:  Edriocriuus  sacculus 
(c),  Anoplotheca  flahellites  (aa),  “Spirifer”  trihulis 
(cV  Orthonychia  tortuosa  (c),  Platyceras  yebhardi 
laa). 

Shriver  formation  : 

Mostly  concealed.  Possibly  some  of  the  white  chert 
mentioned  above  may  be  Shriver.  Also  greenish-gray, 
platy  silicious  limestone.  113?  113 

Helderberg  group  : 

New  Scotland  limestone: 

Black  bedded  chert,  and  bluish-black  dense  limestone : 

Eospirifer  inacropleurus,  etc. 


Feet 

Unit  Total 


65 


178 


Mapleton,  Huntingdon  County. 

The  Ridgeley  sandstone  is  excellently  exposed  in  quarries  in  the 
vicinity  of  Mapleton.  These  quarries  occur  both  north  and  south  of 
the  borough.  Those  most  accessible  are  across  the  Juniata  River  north 
of  the  borough.  The  best  section  of  Shriver  is  at  the  northwest  end  of 
the  limestone  quarry  of  the  Mapleton  Limestone  Company,  opposite 
Mapleton  on  the  north  side  of  the  Juniata  River.  The  lower  Shriver 
beds  are  concealed,  the  next  lower  strata  in  the  section  being  the 
Keyser  limestone  of  the  Helderberg  group. 


Oriskany  group  : 

Eidgeley  sandstone : 

White  to  buff,  coarse  and  medium-grained  quartz  sand- 
stone and  conglomerate.  In  this  area  the  Eidgeley  is 
so  pure  (chiefly  quartz)  that  it  makes  a good  glass 
sand.  Some  iron  staining  occurs  along  the  bedding 
and  joint  planes.  Hipparionyx  proximus  (r),  Eatonia 
peculiaris  (c),  Rensselaeria  marylandica  (aa),  R. 
ovoides  (rr),  R.  ovalis  (c),  “Spirifer”  arenosus  (c), 
“S.”  murcMsoni  (aa),  Platyceras  sitbconium  (aa). 


Feet 

Unit  Total 


430  + 
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Feet 

Unit  4’otul 


Shrivel’  foriiiatioii : 

I’oorly  exposed,  weallieretl  Initf,  impiire  silieeou.s  and 

punkv  shale.  Mct(t planiu  iilicata  (r).  near  top.  (i.l 

Impure  siliceous  and  ])unk3',  j'ellowish  weathered 
shale.  Very  fossiliferous : PhoJidops  iii  KltilamelloKd 
(aa),  Rhii>idoincU(t  niusscidom  (r),  Chonefes  luidsoiii- 
rits  (a),  Merisi  eUa  lentifonii  is  (c)  "Spirifer”  murch- 
isoiii  (rr),  “/S'.”  Iribulis  (r),  Metaplasia  piicata  (aa), 
tSehucherteUa  hecrafteusis  (c),  Stropheodonta  arcti- 
inuscula  (c),  liallia  ainericana  (a),  B.  sapittifonnis 
(e).  Thlipsara  rahasln  (c),  Tahiilihairdia  tiihiilif- 
era  (a).  24 

Covered.  l.-)l± 


240 


17.1 

151 


Helderberg'  group: 

Hluish-lilack  dense  limestone. 


McVeytowii,  Mifflin  County 

()tie  mile  north  of  iMcVeytovvn,  the  Kidgeley  ranges  in  thickness 
in  thickness  from  90  to  140  feet.  The  Sliriver  has  maximum  known 
thickness  in  this  section. 


Feet 

Unit  Total 

Oriskany  group: 

Kidgeley  sandstone  : 

tVhite  sugary  s;nulstone  with  I'onglomeratie  beds. 

Weathers  buff.  Somewhat  cross-bedded  and  bedding 
])lanes  often  iron-stained.  Bensselaeria  manjlandica 
(a),  “Bpirifer"  areitosiis  (a),  “/S'.”  invrchisoni  (a).  iK)  2:is 

vShriver  formation  : 

Black  siliceous  limestone,  thin  interbeds  of  black  shale 
and  chert,  and  black  nodular  chert  beds.  Because 
of  the  freshness  of  the  rock  fossil  collecting  is  not 
very  satisfactory.  Choiietes  luisoiiiciis  (a)  at  40 
feet  below  the  Kidgeley,  Meta phtsia  plica ta  (a),  es- 
|)eciall_v  near  the  middle.  AaoplatlKca  flahrlliles 
(c),  “Bpirifcr”  sp.  ind.  occur: 

Xodular  cherts  in  beds  and  scattered  in  impure  black 
calcareous  and  silecous  shale. 

Helderberg  group  : 

Mandata  shale  ( V ) 

Barren  black  fissile  shale.  Dense  bluish-black  limestone 
with  4-inch  bed  black  chert  at  top.  Eospirifer  macro- 
pieurns  (r),  Ealoiiia  medialis  (r),  [sorfhis  pcrr- 
Irr/ans  (r). 


Beaver  Springs,  Snyder  County 

JXurtheast  eud  of  Owlliead  Ridge,  1/3  mile  nuftli  of  Reaver  Spriiigs. 
This  section  is  complete  with  the  overlying  Needmore  shale  of  the 
Onondaga  group  at  the  top,  and  the  New  Scotland  shales  and  lime- 
stones of  the  Helderberg  group  at  the  bottom. 


119  145 

2(i  2(i 
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Onondaga  group  : 

Xeedinore  shale : 

Thin-bedded  soft  shale,  weathered  yellowish  green. 


Feet 

Unit  Total 


Oriskany  group  : 

Eidgelej'  formation: 

Arenaceous  chert  weathered  white  and  to  a buff  punky 
condition.  An  iron-enriched  zone  at  the  extreme 
top.  Rhipidoinella  cf.  musculosa  (r),  MeristeUa  lata 
(aa),  M.  rchstellata  (r),  Kenssclaeria  SHCSsai^a  (c). 

(\i/>'tiiia  rofttrata  (r),  Aiioijlotheca  flahelUtes  (a), 

'"S/iirifer"  miirch  i.sa)ii  (aa),  Plati/ccras  (/chhanli 

(aa)  were  found.  j 201 

Shriver  formation : 

Impure  siliceous  limestone  with  interbeds  of  gray  and 
black  chert  4 inches  to  14  inches  thick.  Brownish 
])unky  arenaceous  chert  at  top.  For  the  most  part 
the  rock  is  fresh  and  fossil  collecting  difficult.  At 
the  top  Tiibulibairdia  tubulifera  (c),  Bollia  ameri- 
cana  var.  ziigoconiis  (c).  10(i  UK) 


Helderberg  group : 

.Mandata  shale  and  X'ew  Scotland  fm-matiou: 

Barren  black  thin-bedded  shale. 

Dense  bluish-black  limestone  90  90 


Danville,  Moiituur  County 

Along'  U.  S.  Highway  11  2^/2  miles  east  of  Danville  in  the  banks 
of  a dirt  road  branching  otf  to  the  south,  a very  good  Oriskany  sec- 
tion is  exposed.  The  lithology  is  entirely  characteristic  of  the  Shriver 
and  to  date  there  is  no  evidence  of  any  Ridgeley  in  the  section. 


Onondaga  group : 

Needmore  shale: 

Shale,  thin-bedded,  weathered  yellowish  green. 


Feet 

Unit  Total 


Oriskany  groux) : 

Shriver  formation  : 

Thin-bedded  impure  calcareous  shale,  and  liunky  sili- 
ceous limestone,  weathering  buff’ ; black  fissile  shale, 
and  interbedded  black  chert.  The  latter  is  con- 
tained mostly  in  the  U]3])er  56  feet.  Orbiciiloi- 

dea  jcrvensis  (r),  Rhigidomella  niusculosa  (r),  “Spi- 
rifer”  murchisoni  (r),  Anoplotheca  flabellites  (c), 

MeristeUa  lata  (c),  Actinopteria  textilis  var.  arena- 

ria  (r)  are  present.  26  tl4 

Concealed. 

'I'hin-bedded  t'alcareous  shale  and  interbedded  1-iiich 
to  1-foot  beds  of  black  fissTe  shale.  Orbiciiloidca 
jervensis  (c),  Chonetes  hudsonicus  (c),  “Spirifcr" 

IribuUs  (c),  Anoplotheca  flabellites  (c)  occur.  2s  ss 

Helderberg  group : 

New  Scotland  formation : 

Black  barren  fissil  shale.  60  60 
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Dalmatia,  Northumberland  County 

This  section  on  IT.  S.  Highway  15  about  1 mile  south  of  Dalmatia 
shows  a complete  section  through  the  Oriskany.  It  is  especially 
interesting  because  in  this  area  where  the  Ridgeley  sandstone  is 
largely  absent,  8 feet  are  exposed. 


Onondaga  group : 

Needmore  shale: 

Tliin-bedded  shale,  weathered  yellowish  green. 

Oriskany  g-roup  : 

Eidgeley  sandstone : 

Fine-grained  sandstone,  weathers  yellowish  : 

“Siiirifcr'’  iintrcliisoni  (c). 

Shriver  formation  : 

^Medium-bedded  chert,  weathers  white  to  yellow,  punky 
and  impure  at  the  base. 

Punlcy  buff-colored  impure  chert  and  siliceous  lime- 
stone. Material  much  weathered  and  Iffocky  in  bank. 
I'linlidops  iiiuItihniiclJosiiti  (c),  Liiu/iila phoUs  termi- 
valis  (r),  Eatonia  sp.  ind.,  (r),  Leptacna  rhomboi- 
dalis  (c),  “(S/n'H/cr”  murchisoni  (r),  tribulis  (r), 
Meristella  cf.  levtiformis  (r),  Anoploihcca  flabellites 
(c),  Plafyceras  gcbhardi  (c)  identified. 

Helderberg  group  : 

Mandata  shale  and  chei-t  : 

Blocky  impure  chert,  clay  and  shale:  Eospirifcr  mac- 
roplCHriis  (c),  "Spirifcr"  pcrlaiiicUoxu.s  (r),  Nuclco- 
,spi)(i  rcntricona  (r),  tdicuochiama  foniiosa  (r). 


Feet 

Unit  Total 


8 37 

20  29 

9 9 


Warren  Point,  Franklin  County* 

The  Warren  Point  sections  occur  in  southwestern  Franklin  County 
on  State  Highway  456  where  it  crosses  Licking  Creek.  The  first  sec- 
tion is  under  the  south  end  of  the  iron  bridge. 

Onondaga  group : 

Needmore  shale  : 

Thin-bedded  shale,  weathers  j^ellowish  green. 

Oriskany  group  : 

Eidgeley  sandstone  : 

Conglomerate  with  large  well-rounded  (piartz  pebbles. 

Calcareous  cement. 

Limestone,  arenaceous,  dark  blue  with  liands  of  fine 
conglomerate  or  grit.  Some  bands  are  several  inches 
thick.  Sandstone  beds  with  calcareous  cement.  Very 
fossiliferous  at  the  top:  Stropheodoirta  sp.  ind.  (r), 

Anoplothecd  flabellites  (a).  UiieiindKs  s]>.  ind.  (a), 
lAtracIenia-  barrandii  (r),  Roissela.eria  iiiari/Jandica 
(r),  Meristella  lata  (c),  ,1/.  sp.  ind.  (c),  '‘Spirifer” 
areaosus  (r),  “SV’  iinirrhisoni  (c). 

Limestone,  dense,  dark  blue  with  lenses  of  l)luish- 
black  chert. 

Concealed. 

• These  sections  were  originally  measured  by  R.  B.  Rowe  for  the  Maryland  Geological 
Survey.  1205,  pp.  188-189.)  Sections  slightly  modified  by  the  writer. 


Feet 

LTnit  Total 
Vs  19 


13  18 

5 Vs  51/0 
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North  side  of  the  bridge  in  abandoned  quarries  % mile  east,  a com- 
plete section  through  the  Oriskany  may  be  seen.  This  section  was  so 
accurately  measured  by  Rowe  that  it  is  here  repeated,  with  additional 
fossils  obtained  by  the  writer,  and  other  minor  details. 


Onondaga  group  : 

Xeedmore  shale  : 

Black  and  gray  shale,  mostly  covered.  Alassive  coarse 
conglomerate  with  large  pebbles. 


Feet 

Unit  Total 
y,  65 


Oriskany  group  : 

Eidgeley  sandstone  : 

Alassive  coarse  conglomerate  with  large  smoothly  worn 
quartz  pebbles ; contains  Oriskany  fossils. 

Alassive  light  gray  limestone  with  bands  of  grit  or  con- 
glomerate near  bottom.  Conglomerate  bands  several 
inches  thick  consisting  of  small  pebbles  and  coarse 
sand.  Pholidops  midtilamellosa  (c).  Ling ulapli oils 
termmalis  (rr),  Platgorthis  planoconvexa  (rr),  Stro- 
pheodonta  magniflca  (r),  Leptaena  rliomhoidalis  var. 
veiitricosa  (r),  Chonustrophia  complanata  (rr), 
Straelenia  iarrcnidii  var.?  fltchana  (r),  Rensselaeriu 
marylandica  (c),  R.  suessana  (c),  R.  ovuUs  (rr), 
Meristella  lata  (aa),  J/.  rostellata  (rr),  21.  sp.  ind. 
(a),  “Spirifer”  arenosus  (r),  “S.”  murcliisoni  (c), 
Actinopteria  textilis  var.  arenaria  (rr),  Plutyceras 
gehhardi  (a),  P.  nodosum  (r),  Biaphorostoma  ventri- 
cosum  (rr)  discovered. 

Covered. 


1V3  641/3 


12  63 

10  51 


Light  gray  massive  arenaceous  limestone.  8 

Covered.  2 

Heavj'  dark  gray  limestone  with  conglomeratic  bands 
at  top.  Bands  4 or  5 inches  thick  consisting 
of  small  quartz  pebbles  and  coarse  sand_  Biaphoro- 
stoma ventricosum  (rr)  present.  10 

Covered.  6 

Conglomeratic  dark  gray  limestones.  Fine  pebbles  and 
coarse  sand  throughout  this  limestone.  3 


41 

33 


31 

21 

15 


Helderberg  group  : 

“Becraft”  formation  : 

Light  gray  massive  limestone:  “Spirifer”  concinnus 
(aa),  “S.”  cyclopterus?  (r),  Meristella  arcuata  (c), 
Schuchertella  woolworthana  (rr).  12  12 


Neelyton,  Huntingdon  County 

The  Neelyton  section  is  in  southeastern  Huntingdon  County  on 
State  Highway  433  on  the  southeast  corner  of  an  intersection  with  a 
dirt  road  to  Burnt  Cabins.  This  is  the  only  complete  section  through 
the  Oriskany  in  this  area.  The  weathered  and  broken  down  condition 
of  the  strata  make  it  rather  unsatisfactory. 

Onondaga  group  : 

Xeedmore  shale  : 

Thin-bedded  shale,  weathers  yellowish  green 


Feet 

LTnit  Total 
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Oriskany  group : 

Eidgeley  sandstone  : 

Sandstone  broken  down  into  loose  sand  and  sandstone 
blocks,  Aveathers  brownish;  some  chert,  Aveathers 
white.  Partly  coA-ered.  Quartz  grains  1/32  to  1/lii 
inch  in  diameter.  “N/n'r/fc/-"  nturch  honi  (r). 

ShriA’er  formation? 

llroken  doAA’n  impure  chert.  Aveathers  buff  ; some  punky 
chert.  Ed  riocrinus  pocillifonnis  (r),  “Spirifer" 
viurchisoni  (r),  “S’.”  trihulis  (r),  Anoplotheca  dicho- 
toma  (c),  A.  cf.  fliiihriata  (r),  Mrrifttella  cf.  lata  (r). 

Helderberg  group  : 

,\eAA-  Scotland  formation? 

Concealed  AA'itli  much  loose  iminire  chert.  Limestone, 
dense  Avith  interbeds  of  chert;  black  to  bluish  black. 
Eospirifer  macropleurufi  (c),  EchitrhertrlJa  vnol- 
irortho )i'A  (c)  present. 


Feet 

T'nit  Total 


166-h 


30±  109± 


79± 


Falling  Springs,  Perry  County 

The  Falling  Springs  section  is  in  a ditch  on  the  west  side  of  State 
Highway  850  along  Sherman  Creek  1.7  mile  tvest  of  Dromgold  on 
the  new  Bloomfield  cpiadrangle.  The  Onondaga  strata  are  exposed  in 
a.  creek  bed  just  south  of  a concrete  bridge  where  Boute  850  makes  a 
sharp  bend  to  the  north  ; tin*  Oriskany  beds  begin  under  the  south  side 
of  the  bridge. 


Onondaga  grouj) : 

SelinsgroA’e  limestone  : 

Limestone,  bluish-black,  argillaceous,  tough.  In  layers 
8 to  12  inches  thick  Avitli  interbeds  of  black  shale. 

.Xeedmore  shale,  black,  AAeathers  gray:  Crunocna  cf. 
rominf/eri  (r),  Pholidostropliia  sx>.  ind.  (r),  Eodevon- 
aria  hetnispherica  (c),  Strophdlosia  trnncata  (c), 
Anoplotheca  nciitiplicata  (c),  Odontocephalus  ftclen- 
urus  (c). 

Oriskany  group  : 

Eidgeley  sandstone  and  chert  : 

Sandstone  and  conglomerate,  Avhite,  A\eathers  buff. 
Pebbles  chiefly  quartz.  AA'ell-rounded  1/16  to  inch 
in  diameter.  '"Spirifer"  arenosus  (r),  “S'.”  nnirchiaoni 
(r),  Eciis-'sclaeria  wari/Jaiidica  (r)  ]Aresent. 

Chert,  AA'hite  arenaceous  in  upjjer  part.  vStrongly 
AA'eathered,  ]iartl.y  emteealed. 

Helderberg  grouxi : 

Mendata  shale  and  cliert  : 

Exact  contact  Avith  the  Oriskany  not  certain.  Chert. 
Aveathers  Avliite  to  yelloAA'ish,  lilocky  and  in  beds. 
Eospirifer  'Hiacropieurns  (c),  “t^pirifer”  perlameJ- 
Josus  (e),  Eatonia  iiiedialis  (c),  E.  sin fivlaris  (r). 


Feet 

Unit  Total 
20  121± 

30  101± 

31  71± 

40±  40± 


Schuylkill  Haven,  Schuylkill  County 

An  Oriskany  section  is  exposed  about  1 mile  east  of  Schuylkill 
Haven,  in  the  Dalego  limestone  quarry,  and  just  northeast  of  the 
Pennsylvania.  Eailroad  cut,  uphill  from  the  quarrj'. 
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Feet 

T'nit  Total 


Oiioiidaga  gi'oa]) : 

Needmore  shale; 

Black  calcareous  fossiliferous  shale. 


Oriskany  group: 

fjidgeley  .sandstone: 


Concealed  ; blocks  of  conglomeratic  sandstone  common 
on  hill  slope  between  Needmore  shale  exposure  and 
Kidgeley  in  top  quarry,  “.kp/rt/cr”  aroiosKS  fauna 
common  in  blocks.  64± 


Conglomeratic  sandstones  with  pebbles  up  to  inch 
in  diameter,  well  rounded.  Speckled  in  appearance, 
due  to  oxidation  of  iron  minerals.  Weathers  brown- 
ish. “Spirifer”  nrowsus  (c),  “S.”  murchisoni  (a), 

Reiisfielaeriu  indriiliniilica  (a)  found  in  east  side  of 

quarry  at  top.  4 24 

lielderberg  group  ; 

Lig'ht-greenish  quartzite  and  apple-green  calcareous  shale. 

Orbiciiloiilca  sp.  ind.  (r),  Vhonefes  sp.  ind.  (c).  For- 
inational  correlation  unknown,  jjossibly  the  equiva- 
lent of  the  New  Scotland.  Coeymans  aTid  upper 
Keyser.  ItM* 


Keyser  limestone 

Bluish-black  medium-bedded  limestone  with  interbeds 
of  black  shale:  Chonctea  jerse!ie)ii^is  (a),  Camaro- 
ioechia  Utchp'rhJen-^if;  (r),  Ste)wchisina  cf.  deckcren- 
sis  (a).  51/2  5V3 

-Approximately  54  feet  of  this  Keyser  limestone  are  exposed  in  the  quarry. 


Little  Gap,  Carbon  County 

This  section  is  in  the  southeastern  corner  of  Carbon  County,  five 
miles  east  of  Pahnerton,  and  approximately  V->  mile  south  of  Little 
(4ap  Post  Office.  Aqnashicola  Creek  flows  south  throngh  the  ridge  at 
this  locality.  Stony  Ridge  is  on  the  west  side  of  the  gap.  Chestnut 
Ridge  on  the  east.  The  section  is  on  the  west  side  of  the  State  High- 
way in  the  end  of  Stony  Ridge. 

Feet 

Unit  Total 

Onondaga  group : 

Palmerton  sandstone ; 

Coarse-grained  conglomeratic  sandstone.  Weather.s 
buff,  contains  large  cup  corals.  l:’0 

Bowmanstown  chert : 

Flaggy  impure  chert;  weathers  grey  and  butt’.  “Rpiri- 

fer”  viacnis  fauna.  .54 

Concealed.  ]() 

Medium-grained  sandstone,  weathers  buff.  4 


115  ~+~ 

51% 


]3() 
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Unit 

Total 

Oriskany  group : 

Kidgeley  sandstone : 

Shale,  red  (iron-enriched) 

Coarse  conglomeratic  sandstone  carrying  Stropheo- 

± 471/0 

donta  magnifica  (r)  "Spirifer”  arenosus  (r),  "S.”  sp. 
ind.  (c),  Rensselaeria  cf.  marylandica  (c),  R.  cf. 

oroides  (r). 

12 

46 

Fine-grained  sandstone,  weathers  buff. 

9 

34 

Fine-grained  gray  cross-bedded  argillaceous  sandstone. 

25~h 

25 

Concealed. 


Miiiisink  Mills,  Monroe  County 

The  best  Oriskany  section  in  Monroe  County  is  in  the  gap  made 
by  Brodhead  Creek  through  Godfrey  Ridge.  It  is  on  the  east  bank 
of  the  creek  in  the  cut  made  by  the  New  York,  Susquehanna  & 
Western  Railroad.  In  this  section  a nearly  complete  sequence  of 
strata  from  the  Esopus  down  into  the  lower  Helderberg  occurs. 


Onondaga  group : 

Esopus  shale : 

Bluish-black  strongly  sheared  sandy  shale,  weathers 
ashen  gray:  Aiioplotluca  uciiUplivata  (r). 

Oriskany  group : 

Kidgeley  sandstone  : 

Coarse-grained  calcareous  sandstone  interbedded  with 
siliceous  limestone  and  bedded  black  chert.  The  fos- 
sils are  plentiful  but  are  poorly  preserved.  ‘'Spirifer” 
marchlsoiii  (a),  Schuchertella  hecruftensis  (r). 
Across  the  creek  high  up  on  the  ridge  where  the 
strata  are  less  strongly  sheared,  "Spirifer”  arenosus 
fauna  may  be  collected. 

Siliceous  limestone,  arenaceous  and  calcareous  shale 
and  interbeds  of  black  chert  and  chert  nodules. 
Shearing  especially  strong  in  the  shaly  beds.  Abso- 
lute fossil  identifications  are  not  practicable,  never- 
th':^less  a "Spirifer”  of  the  "S”  nitirchiaoin  type  .s 
abundant.  The  exact  lower  limit  of  these  Oriskany 
strata  is  debatable. 


Feet 

Unit  Total 


55-  115- 

60  120± 


60±  60±: 


Helderberg  group : 

Fort  Ewen  shale  : 

Strongly  sheared  calcareous  black  shale.  Dalmanites 
sp.  ind.  and  ostracoda  are  plentiful.  (See  the 
previous  chapter  on  the  Helderberg  for  details). 


MIDDLE  DEVONIAN 


131 


CHAPTER  IV. 


MIDDLE  DEVONIAN,  STROUDSBrKCJ  I AN  STAGE* 


GENERAL  STATEMENTS 

Historical  data.  The  Middle  Devonian  has  a long  history  in 
geologic  research  in  Pennsylvania.  The  creation  of  the  First  Geologi- 
cal Survey,  1836,  with  the  appointment  of  the  first  State  Geologist, 
Henry  D.  Rogers,  initiated  comprehensive  studies  of  our  geology. 
When  Rogers  printed  his  First  Annual  Report  in  1836,  he  listed 
among  the  major  divisions  the  “olive  slate  and  sandstone”  which 
included  our  present-day  Middle  Devonian  and  marine  Upper 
Devonian,  that  is,  the  non-red  shales  and  sandstones  above  the 
Oriskany  (171).  In  the  Second  Annual  Report,  1838,  Rogers  (172) 
first  recorded,  in  the  Delaware  Valley,  the  presence  of  Onondaga 
limestone.  He  placed  it  at  the  base  of  his  “Formation  VIII”  whose 
top  was  drawn  at  the  lowest  red  beds  of  the  Catskill  facies.  Further 
refinement  led  in  the  Fourth  Annual  Report,  to  subdividing  VIII 
(174).  Rogers  failed  to  distinguish  the  Onondaga  in  central  Penn- 
sylvania, including  it,  not  unnaturally,  in  the  “Cadent  Lower  (Mar- 
cellus)  black  slate”  which  he  found  over  wide  areas  at  the  base  of 
the  “gray  sandstone  and  olive  slate,”  the  still  higher  Devonian  marine 
beds.  In  the  “Geology  of  Pennsylvania,”  1858,  Rogers  applied  his 
unique  nomenclature  to  the  Middle  Devonian  and  divided  it  into 
four  units  (177)  ; 


('.U)ENT  SHALES  (llamiliun  Group  of  Ncir  York). 

CADENT  LOWER  BLACK  SLATE  (Marcellus  slate  of  New  York). 

I’OST-MEEIDIAN  LIMES'J’ONI'  (la>per  UchUrhcru  or  Corn ifcrou.s  liiiic- 
stonc  of  New  York). 

POST-MERIDIAN  GRITS  (Caudi-GalU  and  Schoharie  Grits  of  New 
York). 


Rogers  included  in  his  “CADENT  SERIES”  an  “ (.’'pper  Black 
Slate”  member,  our  present-day  Burket  (“Genesee”)  shale,  probable 
correlate  of  the  Geneseo  black  shale  of  New  York.  On  the  other 
hand,  he  grouped  under  the  heading  “POST-MERIDIAN”  the 
equivalents  of  the  Onondaga  (“  Corniferous”)  and  the  Esopus 
(“Caudi-Galli”).  In  so  doing  he  recogiiized  a relationship  Avhieh 
since  has  largely  been  overlooked  or  misinterpreted. 

The  Second  Pennsylvania  Survey  under  J.  P.  Lesley  produced 
disappointingly  little  new  on  the  Middle  Devonian.  Lesley  abrogated 

• The  term  Ulsterian  stage  in  New  York  Includes  the  Onondaga  and  Schoharie,  but 
not  the  Esopus  which  is  classed  with  the  Oriskany.  It  here  used  it  would  embrace  the 
Onondaga  group  which  includes  the  so-called  Esopus  of  eastern  Pennsylvania.  No 
Schoharie  is  recognized  in  the  State.  Such  use  being  inapplicable,  Stroudsburgian  1s 
introduced  from  Stroudsburg,  Monroe  County,  where  the  group  may  be  observed  at  Its 
best,  for  eastern  Pennsylvania. 
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the  Rogersian  Latin  nomenclature,  but  retained  the  numerical  desig- 
nations, and  introduced  a terminology  drawn  chiefly  from  New  York. 
The  Middle  Devonian  has  been  divided : 


ROGERS,  1858 
CADENT  SERIES 
(in  part) 


POST-MERIDIAN 


LESLEY,  1892 
Formation  VIIIc,  Ham- 
ilton formation 
Formation  Vlllb,  Mar- 
cellus  formation 
Formation  Villa,  Cor- 
niferous  and  Onon- 
daga limestones 
Formation  Vllb,  Caudi- 
galli  grit 


WILLARD,  1936 
Hamilton  group 

Mahantango  forma- 
tion 

Marcellus  formation 
Onondaga  formation 
Limestones  and 
shales 

Esopus  shale 


Rogers  published  little  on  applied  paleontology;  Lesley  disdained 
to  empdoy  the  science  in  stratigraphy.  Sad  were  the  errors  of  corre- 
lation which  resulted.  The  Onondaga  was  badly  confused  except 
in  I.  C.  AVhite’s  work  (228,  229,  23,0).  Because  of  failure  to  recog- 
nize it,  the  base  of  the  Middle  Devonian  was  improperly  defined  over 
wide  regions.  Nor  did  the  Second  Survey  clearly  determine  the 
upper  limit  of  the  Hamilton.  AVhite  mistook  Hamilton  coral  reefs 
for  Tully  (228,  229).  AVhere  the  Tully  was  really  present,  it  was 
missed  or  not  distinguished  from  the  Helderberg.  Consequently, 
Middle  and  Upper  Devonian  series  'were  confused  and  the  “Genesee” 
sometimes  was  called  Marcellus ! 

Since  the  termination  of  Lesley’s  survey,  an  occasional  paper  has 
dealt  with  the  Middle  Devonian.  Prosser  (161)  in  the  east  and 
AVilliams  and  Kindle  (265)  in  central  Pennsylvania  helped  correct 
some  of  I.  C.  AVhite’s  mistakes,  particularly  concerning  its  upper 
limit.  Kindle  was  the  first  to  give  us  an  accurate  picture  of  the 
geographic  distribution  of  the  Onondaga  fauna  (127).  Stose  and 
Swartz  (202)  in  describing  the  geology  of  the  Pawpaw  and  Hancock 
quadrangles  foreshadowed  what  was  set  forth  a year  later  by  the 
Mar^dand  Survey  in  its  volumes  on  the  Devonian  (143).  Their  data 
apply  directly  to  south-central  Pennsylvania  and  their  interpretation 
of  the  Middle  Devonian  and  the  delineation  by  the  Maryland  Survey 
are  basically  adaptable  in  this  report  to  our  adjacent  counties.  Par- 
ticularly is  this  true  of  the  upper  and  lower  limits  which  the  Alary- 
land  Survey  drew,  the  former  at  the  base  of  the  “Genesee,”  the 
latter  at  the  top  of  the  Oriskany.  Butts’s  “Altoona  Section”  of  1918 
(22)  is  the  first  modern  discussion  of  an  essentially  complete  Aliddle 
Devonian  sequence  in  central  Pennsylvania. 

Composition  and  limits.  The  term  Hamilton  group  as  used  by  me 
in  more  recent  publications  on  the  Devonian  of  Pennsylvania,  in- 
cluded all  strata  between  the  Oriskany  and  Portage  groups  (254,  256). 
Because  this  usage  makes  the  Hamilton  equal  to  or  synonymous  with 
the  Aliddle  Devonian,  the  validity  of  such  a definition  must  be  ques- 
tioned. Possibly,  Hamilton  group  should  be  dropped  altogether. 
The  problem  is  still  debatable.  Either  we  must  use  it  as  synonymous 
with  Aliddle  Devonian,  drop  the  term,  restrict  it  to  its  earlier  use 
as  the  Alaryland  Survey  has  done,  to  those  beds  between  the  Alarcellus 
shale  and  the  base  of  the  Portage,  or  use  it  to  include  the  Marcellus 
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and  later  Middle  Devonian  formations  (242).  I introduced  Matian- 
tango  formation  for  those  beds  of  post-Mareellus,  Middle  Devonian 
age  in  central  Pennsylvania  which  fail  to  resolve  themselves  into 
the  Skaneateles,  Ludlowville  and  Moscow  formations.  It  is  usually 
easier  to  expand  the  use  of  a term  than  to  restrict  it,  especially  such 
a term  as  Hamilton  which  has  been  variously  applied  in  different 
localities  for  many  years.  If  it  is  retained  as  a group  term  for  the 
entire  Middle  Devonian,  it  should  at  least  include  in  its  scope  every- 
thing that  has  ever  been  placed  in  the  Hamilton  except  the  Tully. 
Failing  this,  the  Maryland  name  Romney  might  be  ado^ited,  with 
modifications.  The  name  was  used  there  for  a “formation”  com- 
posed of  the  Hamilton,  Marcellus,  and  Onondaga  “members.”  To 
adapt  it  to  present  usage  in  classifications,  it  should  be  elevated  to 
the  value  of  a group.  Such  usage  is  supported  by  the  character  of 
our  Middle  Devonian  Avhieh  is  a closely-knit  sequence.  The  fauna 
throughout  is  fairly  consanguineous,  but  has  definite  facies.  Except 
locally,  the  stratigraphic  sequence  suffers  no  diasfematic  interruption, 
the  Onondaga  grading  into  the  Marcellus  and  the  Marcellus  into  the 
Mahantango.  However,  the  use  of  Romney  has  its  drawbacks. 
I have  discussed  the  advisability  of  its  retention  with  both  Prof.  C.  K. 
Swartz  and  Dr.  G.  Arthur  Cooper  (personal  communications). 
Cooper  agrees  with  me  that  the  Romney  does  not  necessarily  embrace 
the  whole  of  the  Middle  Devonian.  It  is  my  belief  that  the  equiva- 
lent of  part  or  all  of  the  Moscow  formation  may  be  cut  out  by  a 
disconformity  in  south-central  Pennsylvania.  Swartz  advises  against 
the  continued  use  of  Romney  because  of  its  synonymy  with  Middle 
Devonian.  For  these  reasons  I am  disinclined  to  use  Romney,  even 
if  redefined.  It  seems  logical  to  drop  any  term  synonymous  with 
Middle  Devonian  as  quite  superfluous. 

Hamilton  may  thus  still  he  called  a group  including  the  representa- 
tives of  the  Moscow,  Ludlowville,  Skaneateles  and  Marcellus  forma- 
tions and  their  subdivisions.  The  designation,  Mahantango  formation, 
is  retained  for  beds  of  the  Hamilton  group  above  the  Marcellus 
formation  in  Pennisylvania,  even  where  the  equivalents  of  the  Moscow, 
Ludlowville  and  Skaneateles  formations  of  New  York  are  more  or 
less  clearly  recognized.  It  is  essentially  the  same  as  the  “Hamilton 
member”  of  the  Romney  of  Maryland,  though  more  inclusive. 
Originally,  Cleaves  and  I (257)  attempted  to  correlate  the  eastern 
Hamilton  group  with  the  New  York  sequence,  Moscow,  Ludlowville, 
Skaneateles  and  Marcellus  formations.  The  term  Mahantango  was 
introduced  in  central  Pennsylvania  by  me  when  I felt  that  there 
the  post-Mareellus  formations  are  obscure  (242).  In  reviewing  the 
problem  in  the  field  with  Dr.  Cooper  in  1937,  he  advised  dropping 
for  lack  of  undoubted,  direct  correlations,  the  New  York  terms  save 
for  the  Marcellus  formation.  For  this  reason  I am  retaining  the 
others  only  as  facies  (chiefly  faunal  facies)  of  the  Manantango.  Con- 
sequently, throughout  Pennsylvania  the  Hamilton  group  is  divided 
into  two  formations,  the  Mahantango  above,  the  Marcellus  below,  but 
these  in  turn  are  locally  analyzed  into  lesser  units  or  facies.  My 
original  description  of  the  Mahantango  formation  follows  (242)  : 
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Maliantango  formation. — The  name,  Mahantango  formation,  is  introduced 
to  include  all  beds  between  the  upper  Marcellus  (Mahanoy)  black  shale 
and  the  base  of  the  Portage.  This  is  equivalent  to  the  term,  Hamilton,  as 
formerly  in  general  use.  As  the  name,  Hamilton,  is  now  a group  term, 
and  because  the  post-Marcellus  beds  in  central  Pennsylvania  are  litho- 
logically inseparable  into  formations,  it  is  necessary  to  employ  some  new' 
title  for  th  se  strata.  It  is  named  for  the  North  Branch  of  Mahantango 
Creek  in  wdiose  valley  and  in  adjacent  parts  of  Snyder  and  Juniata  counties, 
are  excellent  exposures.  The  Mahantango  formation  is  exposed  throughout 
central  Pennsylvania  excextt  in  a few  sections  in  south-central  Juniata 
County  w'here  erosion  has  cut  down  into  the  Marcellus.  Its  thickness  varies 
from  a maximum  of  1,100  feet,  in  Northumberland  County,  to  a minimum 
of  only  about  500  feet,  in  w'estern  Juniata;  the  average  is  855  feet.  With 
the  exception  of  the  prominent  Montebello  sandstone,  to  be  described  later, 
the  Mahantango  formation  throughout  is  of  nearly  uniform  lithology.  It 
contains  some  rather  heavy  sandstone  lenses  in  south-central  Pennsylvania, 
but  the  dominant  lithology  is  uniformly  dark  gray  or  brown,  usually  clayej' 
or  finely  arenaceous  shale  to  fine-grained,  dark,  shaly  sandstone  which  may 
become  platy  or  flaggy  locally.  There  is  little  variation  in  the  fresh  rock 
other  than  these  textural  characters,  but  the  weathered  products  differ 
considerably,  producing  sometimes  small,  polygonal  chips,  again  pencil- 
sha^ied  fragments,  now'  large,  irregular  blocks,  and  occasionally  thin,  sandy 
plates.  Spheroidal  weathering  is  not  uncommon  in  the  more  clayey  shales, 
and  is  not  always  immediately  distinguishable  from  the  occasional  storm 
roller  bands.  In  general,  these  weathered  materials  are  lighter  colored  than 
the  fresh  rock. 

Usually,  the  iMahantango  shales  are  highly  fossiliferous,  although  the 
faunules  are  specifically  more  limited  than  in  New  York,  approximating 
the  Maryland  lists.  Vast  numbers  of  organisms  are  sometimes  found,  the 
commonest,  Spirifer  mucronatus  and  Tropidoleptus  carinatus,  with  Taonu- 
rus  sp.  usually  present.  Other  brachiopods,  pelecyj)ods,  gastropods,  bryozo- 
ans,  and  arthropods  abound  locally.  With  the  application  of  paleontology 
it  is  possible  to  recognize,  particularly  in  the  eastern  sections,  faunal  facies 
equivalent  to  the  three  formations  of  eastern  Pennsylvania.  West  of  the 
Juniata  the  faunules  are  less  diversified,  the  formation  is  partly  concealed, 
and  continental  beds  supplant  the  marine  in  northeastern  Fulton  County. 
In  southern  Fulton  County,  fossils  again  become  plentiful,  but  it  is  more 
difficult  to  distinguish  the  three  faunal  facies.  Particularly  is  this  true  of 
the  Skaneateles,  for  a number  of  fossils,  most  common  to  that  formation, 
tend  to  reappear  at  intervals,  particularly  in  stray  sandstones,  in  the  higher 
parts  of  the  column. 


By  adopting  the  foregoing  usage,  the  name  Hamilton  is  retained 
and  reverts  to  an  earlier  definition.  A very  real  value  is  apparent 
from  such  a use,  for,  we  are  able  to  speak  of  the  Hamilton  fauna  or 
of  the  Hamilton  facies  as  contrasted  with  or  distinguished  from  the 
older,  but  nearly  related  Middle  Devonian.  Of  this,  more  appears 
in  Chapter  V. 

The  lower  limit  of  the  Middle  Devonian  in  Pennsylvania  is  drawn 
at  the  top  of  the  Oriskany  group,  that  is,  of  its  upper  member,  the 
Ridgeley  sandstone.  The  lithologic  change  is  always  abrupt,  a sand- 
stone, often  so  coarse  as  to  rate  as  a fine  conglomerate,  to  one  of  the 
Onondaga  shale  members  (Esopus  or  Needmore).t  In  the  extreme 
eastern  sections  where  the  Esopus  shale  member  of  early  Onondagan 
age  is  present,  it  rests  in  disconformity  on  the  Oriskany  coarse  sand- 

t Locally,  an  exception  is  found  in  the  cherty  and  sandy  Esopus  units  of  the  Lehigh 
Valley.  The  name  Esopus  is  retained  in  this  report,  but  it  is  appreciated  that  its  precise 
correlation  with  the  type  Esopus  of  New  York  has  not  been  proven  (206). 
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stone.  Both  Henry  D.  Rogers  (177)  and  I.  C.  White  (228)  noted 
this  diseonformable  relation.  The  Esopus  belongs,  not  with  the 
OriskanjL  but  for  both  physical  and  biologic  reasons,  with  the 
Onondaga  (251).  Only  11  per  cent,  of  the  fossils  known  from  the 
Onondaga  in  Pennsylvania  have  been  recognized  in  the  Oriskany  or 
older  Devonian  beds  of  the  State. 

The  upper  contact  of  the  Middle  Devonian  varies  somewhat  in 
sharpness  of  definition.  In  1935  I discussed  this  at  length  (247)  : 

Throughout  nearly  the  entire  region  where  the  Middle-Upper  Devonian 
contact  is  exposed,  the  top  of  the  Hamilton  Middle  Devonian  group  is 
clearly  defined.  In  many  instances  it  carries  a Vitulina  pustalosa  zone 
with  or  without  Spirifer  tullius,  but  usually  the  lithology  and  fauna  of  the 
overlying  strata,  because  of  their  striking  dissimilarity  to  the  Hamilton, 
are  the  best  evidence  for  locating  the  contact.  The  Tully  limestone  with 
characteristic  fauna  is  known  to  rest  directly  upon  the  Hamilton  all  along 
the  Allegheny  Front  between  central  Bedford  County  and  eastern  Lycoming 
County  and  again  in  a small  area  in  southeastern  Xorthumberland  County. 
[It  has  since  been  found  in  Perry  and  Schuylkill  counties  as  well.]  The 
gray,  massive  or  banded  limestone  furnishes  a sharp  lithologic  break  from 
the  underlying  clayey,  dark  gray,  buff-w-eathering  Hamilton  shale.  Xo 
truly  transitional  beds  between  the  Hamilton  and  the  Tully  have  been 
observed  anj^where  in  the  State.  The  faunal  change  is  also  distinct  and 
significant.  Eastward  from  the  Allegheny  Front  where  the  Tully  disappears, 
the  Burket  (“Genesee”)  shale  succeeds  the  Hamilton.  Again,  a sharp  litho- 
logic difference  is  observed  at  the  Middle-Upper  Devonian  contact.  The 
same  type  of  dark  gray,  clayey,  non-fissile,  upper  Hamilton  shale  is  over- 
lain  by  the  black,  fissile,  Burket  shale.  Again,  no  transitional  phase  has 
been  recognized  in  Pennsylvania.  Paleontologic  differences  are  as  distinc- 
tive as  the  lithologic  dissimilarity.  The  upper  Hamilton  is  usually  quite 
fossiliferous  with  a characteristic  fauna.  The  Burket.  on  the  contrary,  is 
customarily  nearly  barren  save  for  Buchiola  retrostriafa,  or  allied  forms, 
and  the  ubiquitous,  but  not  particularly  diagnostic,  StyUoUna  flssurella. 
The  Burket  has  been  recognized  as  far  east  as  the  Lehigli  Kiver  ^’alley 
near  Lehighton.  East  of  that  it  has  not  been  found  and  is  thought  to  have 
been  displaced  laterally  by  coarser,  clastic  sediments  with  an  Ithaca  fauna, 
the  lower  part  of  the  Trimmers  Eock  [Portage]  sandstone.  [In  1937  it 
was  found  in  western  IMonroe  County.] 

Because  of  its  eastward  disappearance,  the  black  shale  no  longer  fur- 
nishes a means  to  separate  the  ^Middle  from  the  Upper  Devonian.  Instead 
the  Trimmers  Eock  sandstone  rests  directly  upon  the  Hamilton  in  our  most 
eastern  sections.  However,  in  Monroe  County  on  Brodhead  Creek  north 
of  Stroudsburg  Hypothyridina  vemistula  was  discovered  in  a faunal  zone 
in  the  base  of  the  Trimmers  Eock  sandstone.  The  stratigraphic  position 
and  the  fossils  associated  there  warrant  the  correlation  of  this  zone  with 
the  Laiirens  member  of  east°rn  Xew  York.  Such  a correlation  is  substaTiti- 
ated  by  the  fact  that  the  Hypothyridina-hearing  stratum  occurs  immedi- 
ately above  the  topmost  beds  of  the  Hamilton  with  their  characteristic 
fauna.  This  occurrence  of  mixed  Tully  and  Ifhaca  organisms  np]jr‘,:rs  to  l)e 
unique  for  eastern  Pennsylvania.  Consequently,  east  of  Brodhead  Creek, 
the  Laurens  fauna  also  fails  as  a means  of  identifying  the  basal  Portage. 
Simultaneously,  Vitulina  ptistulosa  is  no  longer  found  at  the  top  of  the 
Hamilton.  Prosser  did  not  report  it  from  Pike  County,  nor  has  the  author 
found  it  east  of  Brodhead  Creek.  Both  Hamilton  and  Portage  groups  in 
Pike  County  are  dominated  by  sandstones  of  similar  lithologj',  and  their 
respective  faunas  are  intimately  mingled.  Their  relations  are  held  to  be 
transitional  with  no  definite  line  of  separation  here  between  ^Middle  and 
Upper  Devonian, 


tile  terminology  of  the  Hamilton,  Cooper  points  out  that  the  inclusion 
of  the  Marcellus  In  the  group,  along  with  the  Moscow,  Ludlowville  and  Skaneateles,  was 
adopted  by  Williams  in  1890.  This  Is  the  use  finally  accepted  and  applied  with  clearness 
and  success  by  Cooper  in  New  York.  His  statement.  oC  the  rnse  is  ouoted  fiillv  in 
Chapter  V. 


136 


DEVONIAN  OF  PENNSYLVANIA 


Thus,  from  the  Allegheny  Front  eastward  across  Pennsylvania,  the  lower 
limit  of  the  Upper  Devonian  is  drawn  successively  at  the  base  of  the  Tully 
limestone,  of  the  Burket  black  shale  and  of  the  Trimmers  Rock  sandstone 
with  a Laurens  faunule.  Still  farther  east,  none  of  these  criteria  remains, 
and  transitional  relations  obtain  between  the  Middle  and  Upper  Devonian. 
This  variation  is  attributed  to  the  fact  that  the  tine-textured,  western 
members  of  the  Portage  group  pass  eastward  into  sandstones  which  sup- 
I^lant  them  by  lateral  displacement  until  only  the  coarser  elastics  remain. 
In  southcentral  Pennsylvania,  a somewhat  different  story  may  be  recounted. 
From  central  Bedford  County  southeastward  into  southern  Fulton  County, 
the  top  beds  of  the  Hamilton  are  overlain  successively  by  Tully,  Burket, 
Harrell  and  Braillier  [Brallier]  members  of  the  Portage.  Here  slightly 
different  facies  succeed  one  another  more  rapidly  than  in  eastern  Pennsyl- 
vania. 

It  may  be  added  in  supplement  to  the  last  statement  in  the  above 
quotation  that,  since  it  tvas  written,  more  intensive  studies  of  the 
faunas  of  the  upper  part  of  the  Mahantango  formation  have  indi- 
cated that  the  highest  beds  corresponding  to  the  Moscow  formation 
in  the  east,  are  probably  absent  in  southcentral  counties.  If  so, 
there  is  a larger  disconformity  between  the  Middle  and  Upper 
Devonian  in  sonthcentral  Pennsylvania  than  elsewhere  in  the  State. 

Distrihution.  The  Middle  Devonian  enters  Pennsylvania  in  the 
east  along  the  Delaware  Kiver  Valley.  The  higher  beds,  down  to 
the  Marcellus  formation,  cross  the  river  in  the  vicinity  of  Matamoras, 
opposite  Port  Jervis,  New  York.  The  Marcellus  shale  floors  much  of 
the  lowland  bordering  the  river  as  it  flows  sonthwestward  to  Walpack 
Bend.  At  that  point  the  stream  makes  a sharp  turn  toward  the 
southeast  so  that  the  Marcellus,  Onondaga  and  Esopus,  and,  for  that 
matter,  much  or  all  of  the  Lower  Devonian  formations  as  well,  cross 
over  into  Pennsylvania.  Prom  Walpack  Bend,  the  Middle  Devonian 
runs  southwest  in  a relatively  narrow  band  to  the  -Schnylkill  Valley. 
In  western  Monroe  County  and  in  the  vicinity  of  Schuylkill  Haven, 
it  doubles  back  in  broad  S-curves  and  then  resumes  its  former  trend 
to  the  vSus(iuehanna  above  Harrisburg,  crossing  that  river  at  Rockville. 

The  closely  folded  Paleozoics  of  central  Pennsylvania  expose  many 
bands  of  Middle  Devonian  beds.  Emerging  from  under  the  Anthra- 
cite Fields  along  western  Luzerne  County  and  extending  to  meet  the 
band  already  traced  from  the  Delaware,  additional  Middle  Devonian 
strata  spread  westward  tlirough  the  lower  Snsqnehanna-Jnniata  val- 
leys region  and  thence  sontlnvestward,  chiefly  in  intermontane  valleys, 
to  enter  I\Iaryland  from  Fulton  and  southwestern  Franklin  counties. 
Throughout  tliis  entire  region,  the  Middle  Devonian  is  usually  con- 
fined to  long,  narrow,  zigzag  lines. 

An  attenuated  strip  of  Middle  Devonian  strata  forms  a great  are 
adjacent  to  and  slightly  east  of  the  Allegheny  Front  from  the  Mason- 
Dixon  line  north,  northeast  and  east  through  Lycoming  County  where 
it  ties  in  with  other  areas  in  the  Sunbury  region.  Prom  the  band 
along  the  “Front”  outliers  and  spurs  extend  east  in  Bedford  and 
Blair  counties. 

Throughout  the  entire  region,  most  of  the  Middle  Devonian  is 
usually  well-developed ; but  the  lowest  part,  the  Onondaga  formation, 
is  not  always  so  well  represented,  and  it  appears  to  be  nearly  or  quite 
absent  in  some  sections,  particularly  in  parts  of  the  Susquehanna 
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Valley  (251).  Exposures  of  the  Middle  Devonian  vary  in  excellency. 
Most  of  the  region  of  its  outcrop  is  south  of  the  limits  of  Pleistocene 
g'laciation,  but  in  some  areas  drift  hides  the  sections.  Outwash  con- 
ceals bedrock  in  certain  of  the  river  valleys.  However,  in  general 
along  the  principal  stream  courses  and  in  railroad  and  highway  cuts 
the  rocks  of  Middle  Devonian  age  are  well  exposed. 


Middle  Devonian  Sequences  and  Correlations 

The  following  tabulations  demonstrate  the  characteristic  make-up 
of  the  Middle  Devonian  across  Pennsylvania.  Also,  they  illustrate 
the  discussion  of  correlation  in  a succeeding  section.  These  sequences 
range  from  the  northeast  to  the  southwest.  Sections  from  adjoining 
States  are  introduced,  first,  for  completeness,  comparison  and 
reference. 

Sequence  a 

NEW  YORK,  i generalized  after  Cooper,  (78,  79),  Goldring-  (104),  etc.,  and 
carried  down  to  top  of  Oriskany.  Certain  local  units,  unknown  in  Pennsyl- 
vania, have  been  deleted. 


Middle  Devonian 
Moscow  formation 
Windom  member  : 


Ludlowville  formation; 


Centertield  member  : 

Skaneateles  formation 
Colgate  member : 

Berwyn  member  : 

Pompey  member  : 

Delphi  member : 
Mottville  member  : 

Marcellus  formation 
Cardiff  member : 

Chittenango  member  : 

Union  Springs  member  ; 

Onondaga  formation 
Schoharie  grit : 


Shale,  soft,  gray ; grows  sandier  and  thick- 
ens eastward.  ‘"Spirifer"  tiillius  and  Vitulina 
pustulosa  zone  at  top. 

Portland  Point  limestone  at  base 
Not  subdivided  in  eastern  New  York;  uni- 
form sandy  shale  with  Hamilton  facies. 
Coral  beds  in  lower  part.  In  western  sec- 
tions Deep  Run,  brittle  bluish  shale  with 
large  Tropidoleptus  occurs  with  other  mem- 
bers. 

Thin,  sandy  limestone  with  many  fossils, 
particularly  corals,  at  base. 

Dark  sandstone  and  shale,  highly  fossilif- 
erous  locally. 

Shale,  dark,  sandy  in  central  New  York, 
sandier  eastward;  Hamilton  facies.  Vitulina 
pustulosa  zone  at  base. 

Black  shale  passing  upw-ard  into  mudstone 
or  cross-bedded  sandstone. 

Shale,  dark,  soft  to  sandy ; large  pelecypods. 
Shale,  soft  to  hard ; hard  crinoidal  lime- 
stone in  midst. 

Shale,  gray;  Liorlipnch  us  fauna.  Grows 
sandier  eastward,  taking  on  Hamilton 
facies ; Taonurus  plentiful. 

Shale,  jet  black,  fissile;  large  septaria ; 
brown  streak ; Styliolina  its  only  fossil. 
Cherry  Valley  limestone  locally  at  base. 
Alternate  thin  bands  of  black  limestone, 
and  sooty,  black  shale  above  Onondaga. 
Styliolina  and  a few  other  fossils  known. 
Rather  pure,  more  or  less  cherty,  massive 
to  platy,  blue  limestone. 

Locally  developed  in  eastern  New  York.  Im- 
pure, siliceous  limestone  to  buff,  sandy  beds  ; 
fossiliferous. 


138 


UEVONIAX  OF  FENNSYLVANIA 


Esopus  shale  or  grit : Locally  develox^ed  in  Hudson  Valley.  Dark 

gray,  sandy  shale ; nearly  barren. 

Note  : In  extreme  east,  the  upper  Marcellus  and  later  beds  tend  to  be 

displaced  by  the  Panther  Mountain  continental  facies.  All  beds  above  the 
Onondaga  are  included  by  Cooper  in  the  Hamilton  (/roup.  The  assignment 
of  the  Schoharie  and  Esopus  is  not  necessarily  final. 

Se<j[uence  l> 

NEW  JERSEY,  Ureen  Pond  Alountuin  syncline,  after  Kiiinniel  anil  Weller 
(130)  and  Weller  (223),  modifled  by  'Willard  (254). 

Upper  and  Middle  Devonian 

Skunnemunk  conglomerate  : Thick,  red,  conglomeratic,  continental 

facies ; the  upper  [>art  is  Portage  or  later, 
the  lower  part  is  Middle  Devonian  in  age. 

Thick,  sandy  shale  to  flagstones.  Hamilton 
facies  fauna.  Probabl}-  entirelj'  .Marcellus 
in  age. 

Shale,  partially  siliceous,  argillaceous,  dark, 
much  sheared.  Onondaga  fauna. 
Heavy-bedded,  fine,  light-colored  quartzite 
and  conglomerate  gTowiug  thinner-beddeil 
upward.  Onondaga  fauna. 

Sequence  c 

MARYLAND,  Middle  Devonian  sequence  according  to  the  .Maryland  Sur- 
vey, 1913  (143). 

.Middle  Devonian 
Romney  formation 
Hamilton  member 
Marcellus  member 
Onondaga  member 


Hamilton  group 
Bellvale  member  : 

Onondaga  grouji 
Cornwall  member  : 

Kanouse  member  : 


Sequence  d 

EASTERN  PENNSYLVANIA,  composite  of  Delaware,  Lehigh  and  Schuyl- 
kill valleys,  after  IVillard  (2.54),  and  Willard  and  Cleaves  (257)_ 

.Middle  Devonian 

Hamilton  group 

Mahantango  formation 

Moscow  facies,  faunally  like  New  York,  lithologically  vaguely  defined. 

Clayey  shale  and  fine  sandstone ; usually  very  fossilifer- 
ous ; Vit  ulina  common,  with  or  without  "Spirifer" 
tullius,  at  or  near  top. 

Ludloii'ville  facies,  a succession  of  alternating  gray,  sandy  shale  and 
shale. 

Centerfield  coral  zone,  common  at  base,  usually  followed  by  a storm 
roller  zone.  Both  die  out  westward,  but  the  fauna  of 
the  reef  may  survive  to  the  Susquehanna. 

Slianeateles  facies,  in  east:  undifferentiated,  dark  gray,  sandy  shale. 

fossils  scarce ; w'estward : elements  suggest  the  New 
Y'ork  Berwyn  with  a Vitulina  zone  at  base;  Delphi, 
and  questionable  Mottville  limestone  lentil  with  crinoi- 
dal  fragments. 

Fort  Hunter*  sandstone,  hard,  fossiliferous  at  or  near  base;  western 
sections  only. 

• Rockville  was  used  by  Willard  and  Cleaves  but  is  preoccupied.  Fort  Hunter  Is  about 
4 miles  north  of  Harrisburg. 
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Marcellus  formation 

Brodhead  member;  “Cardiff  tlithologic  facies;  dark  to  black,  fineh 
arenacoues  shale,  often  higrbly  fossilifernns ; eastern 
sections  only. 

'L’urkey  Kidge  member  (?),  fairly  lieavy,  coarse,  barren  sandstone. 

Chittenango  or  Shamokin  member  (?),  dark  to  black  shale,  sometimes 
concretionary,  nearly  barren. 

Union  Springs  member  (i),  black  sooty  shale,  more  or  less  limy  ; 
fossiliferous. 

Uiiondaga  group.  The  members  listed  below  are  partly  complementary. 

Buttermilk  Falls  limestone,  dark,  charty  limestone. 

Selinsgrove  limestone,  dark,  non-cherty  limestone. 

Hazard  paint  ore,  limy  band  rich  in  iron  carbonate. 

Esopus  shale,  dark,  gritty  shale  ; local  chert  and  sandstone. f 

Needmore  shale,  dark,  limy  shale. 


Sequence  e 

LOWER  SUSQUEHANNA  VALLEY,  southeastern  Perry  and  west-central 
Dauphin  counties,  chiefly  (257,  242). 


^Middle  Devonian 


Hamilton  group 

Mahantango  formation 
Moscow  facies 

Shales,  buft’  to  olive  and  tine,  block}'  sandstone  beds.  Very  fossilifer- 
ous; Vitulina  pustulosu  zone  at  to]i.  i ^ ^ -E 

o ^ to  . 

Ludlowville  facies  w 'S  k, 

W O 4) 

Dominated  by  the  coarse  Montebello  sandstone  facies.  , c g ^ 

Highly  fossiliferous.  m ^ 

Deep  Bun  member  (?),  dark  shale  with  large  TropUlo-  \ . 2 o 

Icptus  in  northern  Perry  County.  i S ,5f  ^ .2 


Centerfield  coral  zone,  probably  present  but  i)oorly  de- 
veloped in  northernmost  quarry  at  Rockville 
on  the  Susquehanna. 

Skaneateles  facies 

Dominated  by  the  coarse  Montebello  sandstone  facies. 

Quite  fossiliferous.  The  recognition  of  Ber- 
wyn and  Delphi  members  is  made  question- 
ably upon  the  fauna. 

Fort  Hunter  member,  sandstone,  thin,  very  hard,  dark, 
massive,  brown-weathering,  infbrbedded  in 
shalier,  lower  part  of  Montebello  facies_  Fos- 
sils few. 
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- The  validity  of  the  use  of  Cardiff  is  doubted  as  it  has  been  applied  in  Netv  York, 
Pennsylvania,  and  Maryland  to  formations  of  different  ages.  Inquiry  elicited  from  Miss 
M.  Grace  Wilmarth  the  following  interesting  facts:  (Letter  of  July  19,  1935) 

'Tn  January,  1904,  the  United  States  Geological  Survey  adopted,  for  use  in  folios 
covering  areas  in  the  Piedmont  Plateau  of  southern  Pennsylvania  and  northern  Maryland, 
the  name  Cardiff  quartzite,  for  rocks  at  that  time  believed  to  be  of  Silurian  age.  In 
February,  1904,  (Am.  Jour.  Sci.,  vol,  17,  p.  143)  Dr.  E.  B.  Mathews  published  this 
name  as  Cardiff  conglomerate,  and  tentatively  assigned  it  to  Ordovician  (?).  (The 
present  approved  name  is  Cardiff  conglomerate  and  the  approved  age  designation  is 
pre-Cambrian.)" 

"In  June,  1904,  (N.  Y.  Slate  Mus.  Bull,  G3,  p.  16)  Clarke  and  Luther  introduced 
the  name  Cardiff  shale  for  50  to  100  feet  of  beds  forming  the  top  member  of  the  Middle 
Devonian  Marcellus  shale  (as  generally  applied  in  New  York)  in  the  Canadalgua  and 
Naples  quadrangles  of  that  State." 

t The  Esopus  in  the  Lehigh  Valley  includes  the  Palmerton  ss  and  Bowmanstown 
chert  (206). 
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Marcellus  formation 

Only  partly  present  as  black  shale  of  Chittenango  type  and  correlated 
with  the  Mahanoy  member  of  central  Pennsylvania 
(see  sequence  f below). 

Onondaga  group 
Absent 

Sequence  f. 

SUSQUEHANNA-JUNIATA  VALLEYS  embraced  chiefly  in  Juniata, 
Snyder,  and  southern  Northumberland  counties  (232,  242). 

Middle  Devonian 
Hamilton  group 

Mahantango  formation 

Shale,  dark  gray  to  brownish,  often  clayey  or  flnely  arenaceous; 

occasional  sandstone  lenses  may  become 
moderately  prominent  west  of  the  Jiiniata. 
Usually  highly  fossiliferous,  the  fauna  di- 
visible into  approximate  equivalents  of  the 
Moscow,  Ludlowville  and  Skaneateles  facies 
of  eastern  Pennsylvania;  a Vitulina  pustiil- 
osa  zone  common  at  to^j.  The  lower  part 
may  be  displaced  by  the  IMontebello  sand- 
stone facies  (cf.  sequence  e). 

Shale,  flssile,  black,  nearly  barren. 
Sandstone,  fine,  light-gray  to  whitish,  platy, 
weathers  brown  along  bedding  surfaces. 
Usually  barren. 

Sandstone,  platy  to  massive,  rather  coarse, 
hard,  olive-gray,  barren. 

Shale,  fissile,  black,  nearly  barren,  identical 
to  ^Mahanoy  member  in  appearance  and  in- 
separable therefrom  where  Mexico  and 
Turkey  Eidge  members  are  absent  towmrd 
the  north.  Basal  beds  sometimes  suggest 
Union  Springs  sooty  shale. 

Limestone,  dark  gray,  weathers  light  gray, 
usually  chert-free,  platy,  but  occasionally 
massive  ; fossiliferous. 

Shale,  limy ; thin  limestone  beds,  lenses  or 
nodules  common.  Dark  gray  when  fresh. 
Weathers  olive-drab ; fossiliferous. 

Sequence  g. 

SOUTH-CENTRAL  PENNSYLVANIA,  Fulton  and  Bedford  counties. 

Middle  Devonian  (242,  246). 

Hamilton  group 

Mahantango  formations: 


Frame  member: 


Chaneysville  member  : 
Gander  Eun  member  : 


Dominantly  dark  shale  with  thin  local  sand- 
stones. Fossiliferous ; Ludlowville  and 
Skaneateles  elements  recognized,  but  Mos- 
cow probably  absent.  In  southern  Bedford 
County  subdivided  into  : 

Shale,  gray  to  olive,  sandy  with  local  sand- 
stone and  thin  limestone  lenses.  Very  fossi- 
liferous. 

Sandstone,  hard,  olive-gray,  brown-weather- 
ing, platy  to  sub-massive.  Fossiliferous. 
Shale,  dark  gray,  brown-weathering,  sandy. 
Fossiliferous. 


Marcellus  formation 
Mahanoy  member  : 
Mexico  member : 

Turkey  Eidge  member  : 
Shamokin  member  : 


Onondaga  group 

Selinsgrove  limestone  : 

Needmore  shale: 


ONOTTOAGA  GROUP 
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In  northern  Fulton  County,  the  Knobbsville  continental  beds  occur. 

Here  the  Mahantango  formation  is  largely 
supplanted  by  non-marine  red  and  green 
beds. 

IMarcellus  formation 

Shale,  black,  fissile,  sand-free,  often  weathering  to  light-colored, 

almost  white  chips.  Limy  nodules  occur 
which,  northward,  become  more  common 
and  coalesce  into  definite  limestone  beds  in 
Huntingdon  County.  Fossiliferous. 

Limestone,  soft,  dark  gray,  platy  to  shal}' ; 
fossiliferous.  Often  too  shaly  to  be  distin- 
guished from  the  Needmore  member  below. 
Shale,  limy  with  thin  limestone  beds,  lenses 
or  nodules,  weathers  olive-drab  but  dark 
gray  when  fresh.  In  western  Mifflin  County 
a thick,  black  shale,  the  Beaver  Dam  mem- 
ber, occurs  near  the  middle.  Fossiliferous. 

The  foregoing’  sequences  are  intended  to  supplement  through 
regional  details  the  much  more  comprehensive  view  of  the  IMiddle 
Devonian  presented  diagrammatically  in  Figures  40  and  93.  By  citing 
these  few  selected  sections,  a generalized  concept  is  obtained  of  the 
iMiddle  Devonian  sequence  in  various  localities  where  its  develop- 
ment is  particularly  striking  or  significant.  They  and  the  tables 
should  be  consulted  during  further  descriptions  and  correlations  Be 
it  repeated  that,  in  all  Pennsylvania  sequences,  it  is  understood  that 
the  post-Onondaga  beds  are  assigned  to  the  Hamilton  group. 

Onondaga  Group  Defined 

In  1839  James  Hall  used  the  name  Onondaga  limestone  to  supple- 
ment the  earlier,  local  appellations,  Corniferous  and  Seneca,  then  in 
vogue  in  New  York  (109).  Fifty-five  years  later  N.  H.  Darton  (81) 
proposed  the  name  Esopus  for  a somewhat  older  shale  then  com- 
monly called  by  the  non-geographic  name,  “ Caudi-galli  grit.”  A 
second  shale,  the  Schoharie,  intervening  between  the  Onondaga  and 
Esopus,  is  recognized  in  New  York,  but  is  unrecorded  in  New  Jersey 
or  at  the  surface  in  Pennsjdvania.  Equivalents  of  the  Onondaga 
limestone  and  Esopus  shale  are  both  believed  to  occur  at  the  surface 
in  Pennsylvania.  In  1838,  a year  before  Hall  named  the  Onondaga, 
Rogers  reported,  but  failed  to  name,  this  limestone  in  Pennsylvania 
(172).  This  was  the  first  official  recognition  of  the  formation  in  the 
State.  Rogers’s  fuller  account  of  1858  (177)  designated  it  as  the 
‘‘Post-meridian  limestone;”  the  Esopus  he  called  the  ‘‘Post-meridian 
grits.”  This  early  association  of  these  two  under  the  single  heading, 
‘‘Post-meridian,”  is  significant  in  that  it  shows  that  Rogers  ap- 
appreciated  their  close  relationship.  He  mapped  them  from  the 
Walpack  Bend  west  to  the  Lehigh  where  he  supposed  they  wedged 
out,  nor  did  he  recognize  them  as  such  elsewhere  in  Pennsylvania. 
The  Second  Pennsylvania  Survey  said  much,  did  little  about  the 
Onondaga  limestone  and  the  Esopus  shale.  They  were  best  handled 
in  the  writings  of  I.  C.  White  whose  first  description  of  them  ap- 
peared because  of  work  in  Pike  and  Monroe  Counties  (228).  Here 
he  found  no  Schoharie  shale,  observed  the  transitional  upper  and 
lower  contacts  of  the  limestone  and  the  sharp  break  between  the 
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Esopus  shale  and  the  subjacent  Oriskany  sandstone.  B.  L.  Miller 
(146)  has  recently  added  details  to  the  earlier  studies  by  Hill  (123) 
of  the  Onondaga  in  the  Lehigh  Valley.  White  again  came  to  the 
fore  when  he  described  the  Middle  Devonian  in  the  region  of  the 
Forks  of  the  8u.squehanna  (229).  He  observed  near  Selinsgrove 
Junction  a limestone  and  shale  between  the  Mareellus  and  Oriskany 
and  suggested  their  correlation  with  the  Onondaga  limestone  and 
Esopus  shale,  respectively,  as  known  in  Monroe  County.  Other 
workers  of  the  Second  Survey  were  less  fortunate  in  their  interpreta- 
tions. In  Perry  County,  Claypole  (72)  failed  to  differentiate  the 
distinctive  and  abundant  Onondaga  fauna  and  grouped  the  lime- 
stone as  basal  Mareellus.  D’Invilliers  (82)  merely  followed  White’s 
Selinsgrove  designations,  projecting  them  across  the  Susquehanna 
to  the  Juniata  valley.  AVorkers  along  the  Allegheny  Front  and  in 
southcentral  Pennsylvania  usually  failed  to  find  the  Onondaga. 
Chance’s  reported  Onondaga  near  Lock  Haven  is  probably  the  Tully 
(56).  Once  more  I.  C.  AVhite  rose  above  his  colleagues  when,  in 
Huntingdon  County,  he  was  able  to  apply  his  Selinsgrove  succession 
and  identify  the  Onondaga  there  (230).  Lesley  summarized  all  of 
the  views  in  his  final  report  (137). 

During  the  twentieth  century,  a few  contributions  have  appeared. 
1 have  already  cited  the  work  by  Stose  and  Swartz  in  the  Pawpaw- 
Hancock  folio  (202)  and  its  foreshadowing  the  Maryland  Survey’s 
subsequent  Devonian  interjiretations  (143).  Mention  also  has  been 
made  of  Butts’s  observations  near  Altoona  where  he  found  50  feet 
of  Onondaga  limestone  and  shale  (22).  Kindle  (127)  in  1912  gave 
us  by  far  the  most  comprehensive  report  to  date  upon  the  Onondaga. 
The  geographic  scope  of  his  work.  New  York  to  Virginia,  was  so  wide 
that  comparatively  few  details  could  be  listed  for  Pennsylvania. 
Cleaves  and  I casually  mentioned  the  Onondaga  in  connection  with 
our  publications  on  the  “Hamilton  group  in  Pennsylvania’’  (257,  242, 
246).  In  1936  I summarized  and  published  all  the  data  which  I had 
then  amassed  on  the  Onondaga,  including  the  Esopus  (251).  The 
jmesent  discussion  is  drawn  almost  without  modification  (251)  from 
that  publication.  Since  my  paper  appeared,  Swartz  and  Swartz  (206) 
have  added  new  data  on  the  Esopus  of  the  Lehigh  Valley.  It  will 
be  observed,  that  I now  handle  the  Onondaga  as  a group  separated 
from  the  Hamilton. 

The  Onondaga  group  in  Pennsylvania  is  defined  fo  include  all 
stratigraphic  units  between  the  top  of  the  preceding  Oriskany  group 
and  the  succeeding  Mareellus  formation  of  the  Hamilton  group.  The 
Onondaga  is  faunally  and  lithologically  possessed  of  close  Hamilton 
affinities.  It  was  because  of  these  close  relations,  that  I recentlj;  sug- 
gested the  grouping  of  the  Onondaga  formation  with  the  rest  of  the 
Middle  Devonian  as  the  “Hamilton  group”  (254).  This  grouping, 
though  based  upon  good  evidence,  has  been  dropped  for  reasons  ex- 
plained in  the  next  draper.  In  Pennsylvania  we  find  that  the 
Onondaga  group  almost  invariably  consists  of  two  formations  of 
different  facies,  a limestone  above  and  a shale  below.  Only  in  the 
south  does  the  upper  member  lose  identify  These  facies  may  be 
assigned  formational  rank  and  in  themselves  contain  local  units  of 
minor  importance. 
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Distribution 

The  Onondaga  has  a wide  distribution  from  the  Delaware  Valley 
west  and  southwest  to  Maryland.  It  is  somewhat  more  restricted 
than  the  rest  of  the  Middle  Devonian.  The  sketch  map,  figure  30, 
shows  the  regions  of  its  outcrop.  In  parts  of  Fulton  County  Faulting 
has  cut  out  the  Onondaga.  The  group  does  not  appear  to  be  every- 
where continous  across  Columbia  and  Montour  counties,  although  to 
the  east  there  is  a good  exposure  at  Beach  Haven  in  west-central 
Luzerne  County.  I have  not  identified  the  Onondaga  in  Clinton 
County;  and  have  seen  it  but  doubtfully  represented  in  Centre. 
Here,  however,  glacial  drift  or  outwash  deposits  greatly  hamper  ob- 
servations of  the  consolidated  sediments,  particularly  those  which  are 


Figure  30.  Sketch  map  showing  distribution  of  Onondaga  group  in 

Pennsylvania. 


readily  weathered  or  fail  to  form  physiographic  features.  South  of 
the  glaciated  region  in  westcentral  Dauphin  and  southeastern  Perry 
counties,  the  Onondaga  is  absent  (Cf.  County  Maps,  154). 


Divisions  of  the  Onondaga 

The  Onondaga  group  in  Pennsylvania  is  divisible  into  several  units, 
usually  lithologically  distinct  but  so  closely  allied  faunally  and  inter- 
grading one  with  another  so  imperceptibly  that  they  perforce  are 
treated  as  a single  group.  To  the  more  important  of  these  divisions, 
geographic  names  are  now  applied,  partly  for  the  first  time.  Such 
names  have  been  under  consideration  for  some  years;  in  fact,  it  was 
debated  when  I published  my  Onondaga  paper  (251),  whether  they 
should  be  introduced  then.  They  were  not  brought  forward  because 
of  some  uncertainty  as  to  what  policy  of  nomenclature  eventually  to 
use.  In  that  paper  the  various  parts  of  the  Onondaga  group,  except 
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the  already-named  Esopus,  were  simply  referred  to  by  adjectives 
suggestive  of  their  distinctive  lithologies.  Such  a terminology  is 
both  cumbersome  and  vague.  While  I do  not  condone  with  those 
who  would  introduce  a multiplicity  of  geographic  names,  I am  so 
far  in  accord  with  present  nomenclatorial  trends  that  I am  not  averse  ^ 
to  using  new  names  for  members  and  even  lesser  units  Avhen  such 
names  clarify  the  correlations  or  help  eliminate  unwieldly  circumlocu- 
tions. Therefore,  the  Onondaga  group  has  been  subdivided.  The 
distinctions  are  lithologic ; the  resemblances  biologic. 


TABLE  XVIII 


Central  Pennsylvania 
Onondaga  group 

Selinsgrove  limestone* 
Needmore  shalet 


Eastern  P ennsylvania 
Onondaga  group 

Buttermilk  Palls  limestone 
Esopus  shalej; 


Buttermilk  Falls  limestone.  This  limestone  is  named  for  Butter- 
milk Falls,  a handsome  cataract,  on  Marshall  Creek,  Monroe  County. 
I formerly  called  it  “upper  member,  cherty  limestone  (251).  It  has 
its  most  characteristic  development  in  Monroe  County.  The  lime- 
stone continues  east  into  Pike,  but  west  only  into  Carbon  County. 
This  limestone  is,  therefore,  confined  to  eastern  Pennsylvania.  In 
Monroe  County  it  reaches  a maximum  of  about  200  feet  and  thins 
rapidly  westward  to  only  5 feet  on  the  Lehigh  River  above  Palmer- 
ton.  The  Buttermilk  Palls  limestone  most  nearly  resembles  the 
Onondaga  limestone  of  eastern  New  York.  It  is  a massive,  dark-  or 
blue-gray  rock  replete  with  chert  occurring  usually  as  dark  bands 
or  nodules  2 to  3 inches  thick  up  to  larger  chunks  as  much  as  a 
foot  in  diameter.  Usually  these  are  rather  lenticular  and  appear 
to  have  their  major  axes  approximately  parallel  to  the  bedding,  in 
which  position  they  sometimes  coalesce  into  nearly  continuous  beds. 
Probably  there  is  everywhere  some  chert  in  the  Buttermilk  Falls 
limestone,  but  the  material  appears  to  be  most  abundant  in  the 
middle  50  to  100  feet,  while  the  highest  and  lowest  jiarts  are  some- 
times nearly  chert-free.  The  beds  poor  in  chert  have  a tendency  to 
shear  strongly,  a character  which  is  highly  developed  in  the  under- 
lying Esopus  shale.  The  Buttermilk  Falls  limestone  is  well  exposed 
in  southern  Monroe  County  in  numerous  abandoned  quarries,  on 
liighways  and  particularly  along  the  Delaware,  Lackawanna  and 
Western  Railroad  south  of  East  Stroudsburg  where  the  relations 
between  it  and  the  Esopus  are  well  illustrated.  Other  good  sections 
may  be  observed  along  Brodhead  Creek,  particularly  on  the  Erie 
(formerly  the  New  York,  Susquehanna  and  Western)  Railroad,  cuts 
on  which  expose  the  beds  along  the  north  flank  of  Godfrey  Ridge. 

* I.  C.  White  applied  Selinsgrove  to  5 members  of  the  Middle  Devonian  (229).  It 
is  here  proposed  to  drop  it  for  all  save  one,  his  distinctive  “Selinsgrove  lower  limestone" 
with  the  adjective  “lower"  now  omitted. 

t Called  “Selinsgrove  shale"  by  I.  C.  White  (229). 

t This  is  the  Esopus  or  “Caudi-galli”  of  authors.  Probably  the  use  of  Esopus  is  appli- 
cable, but  until  it  is  definitely  traced  through  from  the  Hudson  to  the  Delaware,  the 
term  is  to  be  used  with  caution.  A new  name  may  be  required  here  eventually,  but 
rather  than  introduce  one  which  may  soon  be  discarded,  Esopus  is  continued  for  the 
present  until  its  final  standing  can  be  established. 
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These  sections  shown  the  passage  downward  into  the  Esopus,  and 
the  transition  between  the  limestone,  and  the  overlying  Mareellus  may 
be  studied  at  Stroudsburg.  Though  the  limestone  makes  small  hog- 
backs in  eastern  Monroe  County,  as  a rule  despite  the  chert,  it  is  no 
ridge-maker,  but  with  the  Marcellus,  underlies  vallej's. 

The  strongly  Middle  Devonian  fauna  includes  species  distinctive 
of  the  Onondaga.  Corals  are  quite  numerous  in  the  Buttermilk 
Falls  beds  in  eastern  Pennsylvania,  but  because  of  the  abundance  of 
chert,  collecting  is  difficult,  particularly  in  the  median  portions  of 
the  limestone.  A further  discussion  of  the  fauna  will  be  found  below. 
(Also,  see  Table  XXII.) 


Photograph  hy  Bradford  Willard 


Figure  31.  Esopus  shale  exposed  on  U.  S.  Route  611,  south  of 
Stroudsburg,  Monroe  County.  Note  shearing  perpendicular  to  nearly 

horizontal  bedding. 

Esopus  shale.  In  discussing  the  Onondaga  in  1936  (251),  I 
adhered  to  the  prevailing  terminology,  and  this  policy  is  not  yet 
abandoned  as  implied  in  the  third  footnote  of  Table  XVIII,  page  144. 
The  characteristic  Esopus  is  the  lower,  shale  formation  of  the 
Onondaga  group  in  the  eastern  part  of  the  State.  Upon  evidence 
which  will  be  recited  in  due  course,  it  is  included  with  Onondaga 
rather  than  with  the  Oriskany.  It  enters  Pennsylvania  at  Walpack 
Bend,  the  eastern  extremity  of  Monroe  County,  and  has  a distribu- 
tion similar  to  the  overlying  Buttermilk  Palls  limestone.  It  is  best 
developed  in  Monroe  County  where  it  is  over  300  feet  thick,  but  it 
thins  to  approximately  260  feet  in  the  Lehigh  Valley  near  Palmerton, 
and  to  about  150  feet  in  Schuylkill  County  father  west.  In  the 
Lehigh  Valley  both  chert  and  sandstone  occur  in  the  Esopus.  Other- 
wise its  lithology  is  characteristically  distinctive  dark,  ashen-colored 
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or  brownish,  gnarly,  sandy  shale.  Some  beds  are  limy,  particularly 
in  the  upper  part  where  it  grades  into  the  Buttermilk  Falls  lime- 
stone. The  rock  has  a peculiar  tendency  to  shear  strongly.  The 
Fsopus  is  well  exposed  in  the  vicinity  of  the  Stroudsburgs,  A 
splendid  section  is  had  across  Godfrey  Ridge  on  the  new  highway 
(U.  S.  Route  611)  through  Foxtown  Gap.  The  railroads  which  follow 
the  banks  of  Brodhead  Creek  also  afford  good  cuts  in  the  rock,  as  for 
example  near  the  hydro-electric  plant  southeast  of  East  Stroudsburg. 
The  structure  of  Godfrey  Ridge  is  complex,  but  the  relation  of  the 
Esopus  to  the  underlying  coarse  to  pebbly  Oriskany  sandstone  full  of 
characteristic  fossils  is  simple.  The  Oriskany  terminates  abruptly 
at  tlie  basal  Esopus  of  characteristic  lithology.  The  Esopus  shale  is 
probably  barren  in  its  lower  parts  save  for  an  occasional  Taonurm. 
This  fossil  is  perhaps  more  common  in  the  member  than  recorded, 
because  intense  shearing  tends  to  obliterate  it.  It  seems  superfluous 
to  observe  that  the  Esopus  took  its  old  name,  “ Caudi-galli”  grit, 
from  the  facied  resemblance  of  these  pluinulous  markings  to  the  tail 
of  the  cock.  The  fossil  is  not  confined  in  Pennsylvania  to  the  Esopus, 
but  is  found  in  other  Middle  Devonian  formations.  Other  fossils  are 
sparingly  present,  chiefly  in  the  liighest  beds.  So  far  as  identified, 
they  are  indistinguishable  from  species  found  in  other  parts  of  the 
Onondaga.  Because  tlie  Esopus  shale  is  closely  allied  with  the  But- 
termilk Falls  limestone  and,  conversely,  distinctly  set  oft'  from  the 
Oriskany,  it  is  included  in  the  Onondaga  groups.  It  shoidd  be 
reiterated  that  this  is  the  stand  which  was  taken  by  Henry  D.  Rogers 
(177)  and  T.  C.  White  (228).  Later,  dissenting  opinions  seem  to 
have  placed  the  shale  with  the  Oriskany  because  of  the  physiographic 
features  which  they  jointly  underlie,  rather  than  because  of  lithologic 
or  paleontologic  similarities. 

Selinsgrove  limestone.  In  previously  discussing  the  Onondaga 
group,  I called  the  superior  part  in  central  Pennsylvania  the  “upper 
member,  non-cherty  limestone.”  Adapting  I.  C.  White’s  term  drawn 
from  the  region  of  Selinsgrove  Junction  on  the  east  bank  of  the 
Susquehanna  below  Sunbury,  it  becomes  the  Selinsgrove  limestone 
of  formational  rank.*  There,  today,  the  member  may  be  studied  in 
highway  cuts  and  along  the  railroad.  This  limestone  is  recognized 
farther  east  to  Carbon  County  where  some  20  feet  of  “hydraulic 
cement  rock”  has  been  recorded  on  the  Lehigh.  West  of  the  type 
locality,  it  is  the  characteristic  upper  member  of  the  Onondaga  grou]) 
and  is  the  analogue  of  the  Buttermilk  Palls  member  in  the  east.  The 
absence  of  chert  from  the  Selinsgrove  is  its  chief  distinction  from 
the  other  limestone.  It  is  usually  dark  gray  to  nearly  black,  rather 
soft  and  tends  to  be  thin-bedded  or  shaly;  but  some  heavy  beds  show 
at  Selinsgrove  Junction.  On  weathering,  the  thinner-bedded  or 
argillaceous  rock  leaches  to  shaly,  greenish  to  olive-drab,  punky  ma- 
terial so  closely  resembling  the  underljdng  Needmore  shale  as  to  be 
hardly  distingui,shable  therefrom,  especially  where  the  shale  is 
weathered  and  carries  limestone  bands  and  lenses.  At  Selinsgrove 
Junction  there  is  65  feet  of  this  limestone,  probably  its  maximum 

• Selinsgrove  limestone  is  retained  today  by  the  West  Virginia  Geological  Survey  for  a 
limestone  of  Onondaga  age  (ICO). 
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tliiekness.  Southeastward  it  drops  to  7 feet  in  Lebanon  County, 
rises  to  20  in  C^arbon,  and,  still  farther  east,  ap])ears  to  niero'e 
with  the  Buttermilk  Falls  member.  Southwest  and  west  of  Xorthum- 
berland  County,  the  Selinsgrove  limestone  is  widespread.  It  is  35  to 
40  feet  thick  in  central  Perry  C’ounty,  and  about  30  in  northern 
Bedford  County.  Father  south  into  Maryland,  it  is  not  known,  but 
apparently  changes  laterally  i)ito  the  U])per  part  of  the  Xeedmoro 
shale  Avliich  makes  up  the  entire  Onomlaga  along  our  southcentral 


Ph-itori rnpli  bi/  <!corf/c  II.  AfihJcii 


Figure  32.  Old  liinostoiie  quarry,  ca'st  hank  of  Juniala 
River  at  Half  Falls  Mountain.  Perry  County.  Selins- 
grove  limestone  (Don)  overlain,  at  top  of  «[uarry,  liy 
Mareelhis  hlaek  shale  (Dm). 

border.  Th(>  limestone  has  been  observed  in  INlifflin  County,  but  may 
be  absent  from  Clinton  and  Centre  counties.  Tn  Twcoming  County 
on  the  highway  east  and  west  from  Jersey  Shore  are  exposures  uf  the 
Selinsgrove  limestone. 

Throughout,  the  Selinsgrove  limestone  usually  abounds  Avith  a diver- 
sified Onondaga  fauna  rich  in  Hamilton  species.  Corals  are  rare  in 
central  Pennsylvania,  a feature  distinctly  different  from  the  Butter- 
milk Falls  member. 
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Everywhere,  so  far  as  known,  the  Selinsgrove  limestone  and  under- 
lying Needmore  shale  of  the  Onondaga  group  are  inter-transitional. 
The  relations  of  the  limestone  to  the  Marcellus  are  not  so  constant. 
Generally,  this  contact  is  gradational,  suggesting  the  relations  between 
the  Buttermilk  Falls  and  Marcellus  in  the  east.  In  the  middle  Sus- 
ciuehanna  and  lower  Juniata  valleys,  tlie  relations  are  disconform- 
able.  In  southeastern  Perry  County  and  adjacent  parts  of  Dauphin, 
the  Marcellus  appears  to  rest  upon  the  Bloomsburg  (Silurian)  red 
beds.  The  exact  contact  is  hidden  today,  though  I infer  from  Rogers’s 
writings  that,  long  ago,  he  may  have  seen  it  in  Perry  County  at 


Photograph  hy  Bradford  'Willard 


Figure  33.  Anticline  on  Delaware  Creek  north  of  Thompsontown, 
Juniata  County.  The  Selinsgrove  limestone  (Don)  overlain  by  Mar- 
cellus black  shale  (Dm),  thin  sandstone  (ss)  separating  them. 

exposures  now  buried  (177).  AVhether  this  contact  be  a fault  or  of 
non-depositional  origin  is  uncertain.  This  absence  of  the  Onondaga, 
the  Lower  Devonian,  and  the  highest  Silurian  may  be  due  to  local 
erosion,  which  is  supplemented  by  subsequent  faulting.  Throughout 
the  region  west  and  southwest  of  Perry  County,  the  limestone  may 
stop  abruptly  at  a lean  iron  ore  at  the  base  of  the  Marcellus.  At 
Half  Palls  Mountain  in  Perry  County  and  northward  along  the 
Juniata  at  Thompsontown  and  in  southeastern  Snyder  County,  tlie 
top  of  the  limestone  ends  sharply.  Its  upper  surface  may  be  low, 
rounded  bosses  suggesting  weathering.  Upon  this  rests  1 to  16  inches 
of  friable,  brown,  miraeeous,  ferruginous  sandstone  which  intergrades 
with  the  Marcellus  black  shale  above. 
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The  SelinsgTove  limestone  disappears  locally  east  of  Northumber- 
land County.  Though  exposed  at  the  Montour-Columbia  County  line 
between  the  Mareellus  and  Oriskany  on  a secondary  road  south  from 
U.  S.  Route  11,  it  is  more  often  absent.  In  certain  localities  it  maj^ 
be  represented  by  a little  residual  red  clay.  On  Big  Fishing  Creek 
above  Bloomsburg,  Columia  County,  the  Tonoloway  (Silurian)  lime- 
stone is  faulted  against  the  Marcellus;  the  intervenilig  formations 
are  missing.  Farther  down  stream,  what  is  taken  to  be  the  top  of 
the  New  Scotland  member  of  the  Ilelderberg  group  is  overlain  by 
some  coarse  sandstone  probably  of  Oriskany  age,  and  this  is  topped 
by  the  black  Marcellus  shale  with  no  sign  of  Onondaga  between. 
White  (229)  believed  that  the  Oriskany  pinched  out  east  of  Big  Fish- 
ing Creek.  He  appears  to  have  been  partly  correct.  A like  state- 
ment may  apply  to  the  Onondaga.  In  Luzerne  County,  however,  just 
east  of  the  Columbia  County  line  near  Beach  Haven,  the  Selinsgrove 
limestone  shows  on  the  highway  and  along  the  Delaware,  Lackawanna 
and  Western  Railroad.  It  has  been  questionably  identified  in  the 
river  bed  at  Berwick  during  low  water.  Evidently,  in  part  of  central 
Pennsylvania,  it  is  not  uncommon  to  find  the  Marcellus-Onondaga 
contact  disconformable.  The  Onondaga  at  times  is  even  unrecorded. 

Needmore  shale.  Beneath  the  Selinsgrove  limestone  and  supplant- 
ing it  southward  is  a limy  shale  which  I designated  in  my  former 
discussion  of  the  Onondaga  as  the  “lower  member,  limy  shale  ” It 
is  here  dubbed  the  Needmore  for  its  exposures  in  southern  Fulton 
County  between  Needmore  and  Warfordsburg.  It  is  simply  the 
downward  continuation  of  the  non-cherty  limestone,  the  Selinsgrove 
member,  and  is  distinguished  therefrom  solely  upon  the  greater  pro- 
portion of  argillaceous  material  and,  pari  parsu,  the  decrease  in  lime- 
stone content.  Dark  to  medium  gray,  it  has  occasionally  been  de- 
scribed as  “green  shale.”  This  appears  to  be  a misnomer.  Strictly 
speaking,  the  greenish  or  olive  to  olive-drab  hue  develops  only  with 
deep  weathering.  Limestone  is  nearly  always  encountered  in  the 
Needmore  shale  as  thin  beds  and  lenses  or  nodules  which  grow  more 
plentiful  toward  the  iipper  part  until  they  may  dominate  as  the 
Selinsgrove  limestone.  Sandy  beds  appear  in  the  Needmore  in  central 
Pennsylvania  and  are  thought  to  increase  slightly  where  the 
Onondaga  finally  disappears  southwestward  beneath  the  Allegheny 
Front.  Even  the  limestone  beds  carry  some  .sand  grains.  In  the 
lower  part  of  the  Needmore,  at  least,  they  are  probably  derived  from 
the  Oriskany.  In  southern  sections  the  Needmore  member  is  100  to 
150  feet  thick,  and  it  maintains  this  thickness  throughout  most  of 
the  region  west  of  the  Susquehanna.  It  is  140  feet  thick  in  the 
Selinsgrove  Junction  region,  thins  southward  into  Perry  and  is 
unknown  above  Harrisburg  at  the  Avater  gap.  It  may  be  present  in 
Centre  and  Clinton  and  is  knoAvn  in  Blair  and  Lycoming  counties. 
East  of  Northumberland  County,  it  thins  just  as  the  oA^erlying  Selins- 
grove does.  Throughout  the  Devonian  areas  in  Snyder,  Union  and 
Mifflin  counties,  this  shale  is  common^  exposed,  and  at  Newton 
Hamilton  in  Mifflin  County,  there  is  an  exceptional  section  which, 
because  of  its  unique  character,  deserAJ-es  the  detailed  description 
given  below. 
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The  top  of  the  Needmore  shale  grades  into  the  Selinsgrove  lime- 
stone in  all  section  where  their  contact  has  been  seen.  AVhere  the 
limestone  is  absent,  as  in  southern  sections,  the  shale  passes  gradually 
over  into  the  black,  non-limy,  fissile  Marcellus  shale.  Such  a contact 
is  beautifully  illustrated  on  U.  S.  Highway  522  north  of  Warfords- 
burg  in  FultQn  County.  The  lower  contact  of  the  .shale  with  the 
Oriskany  is  diseonformable.  Oriskany  strata  in  southern  and  central 
Pennsylvania  commonly  terminate  in  weak,  friable,  coarse  sandstone 
with  a characteristic  fauna.  At  some  localities  as  at  the  cemetery 
at  New  Bloomfield,  Perry  County,  and  in  northern  Fulton  County 
on  the  road  between  Ilustontown  and  Fort  Littleton,  the  Ori.skany 


Photoijraph  Vti  Bradford  fViUard 

Figure  34.  Contact  of  the  Onondaga  with  the  underlying  Oriskany 
on  I’ennsylvania  Railroad  near  Newton  Hamilton,  Mifflin  County. 
Hammer  marks  contact  at  shaly,  hasal  Onondaga. 


ends  in  a limonitie  band.  This  ferruginous  deposit  may  have 
originated  through  enrichment  during  an  Oriskany-Onondaga  interval 
of  non-deposition  and  subaerial  exposure.  In  western  Mifflin  County 
along  the  Pennsylvania  Railroad  east  of  Newton  Hamilton,  the  basal 
contact  of  the  Onondaga  is  remarkably  distinct.  The  Needmore  limy 
shale  is  thick  in  this  section,  and  a thin  limestone  bed  at  its  base  rests 
upon  the  uneven  top  of  the  Oriskany.  This  limestone  contains  grains 
of  Ori.skany  sand.  (Figure  34.) 

The  Needmore  shale  is  highly  fossiliferons,  more  so  than  the  other 
members  of  our  Onondaga  group.  The  fauna  is  clearly  Middle 
Devonian  with  diagnostic  Onondaga  forms.  The  assemblage  is  in 
striking  contrast  with  the  Oriskany.  The  entire  fauna  is  tabulated 
below.  Table  XXII. 
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Minor  Onondaga  variants.  A few  local  variations  of  the  Onondaga 
group  in  Pennsylvania  are  of  sufficient  importance  to  deserve  special 
mention.  We  may  disregard  iron  ores  reported  from  the  formation 
as  these  in  every  ease  appear  to  belong  to  either  the  Oriskany  or 
Mareellus.  The  Schoharie  shale  (“grit”)  of  New  York  has  not  been 
recognized  at  the  surface.  Fettke  (91)  reported  it  in  deep  drilling  in 
northeastern  Pennsjdvania,  but  the  identification  seems  dubious.  In 
the  Lehigh  Valley  in  the  region  of  Bowmanstown,  paint  ore  has  been 
dug  from  the  Onondaga  for  the  better  part  of  a century.  This  bed 
is  often  referred  to  as  the  “paint  ore  near  Palmerton, ” and  is  con- 
veniently designated  as  the  Hazard  paint  ore,  by  B.  L.  Hiller,  who  de- 
scribed it  (146)  : 

“The  ore  resembles  impure  blue  limestone,  but  Avithout  distinct 
bedding  or  joint  planes  and  were  it  not  for  the  high  specific  gravity, 
it  would  scarcely  be  thought  to  possess  any  Amlue.  It  is  dark  blue  in 
color  when  fresh,  but  on  being  exposed  to  the  air  soon  reddens  due 
to  the  oxidation  of  the  iron  originally  present  in  the  form  of  the 
carbonate.” 

Specimens  examined  effervesce  in  dilute  hjnlrochloric  acid.  The 
ore  is  replete  with  an  unmistakable  Onondaga  fauna.  Hiller  listed 
fossils,  but  did  not  attempt  a complete  study  of  the  fauna  as  his 
investigation  of  the  ore  Avas  strictly  economic.  In  cooperation  AA’ith 
Dr.  Lawrence  Whitcomb,  I haA'e  been  enabled  to  studj'  the  collection 
of  Hazard  paint  ore  fossils  belonging  to  the  Department  of 
Geology  at  Lehigh  University  (259).  This  fauna,  listed  below,  Table 
XXII,  is  distinguished  from  other  Onondaga  faunas  in  the  State  by 
its  low  percentage  of  mollusks  and  unusually  high  number  of 
trilobites,  often  finely  preserved.  The  succession  of  the  Onondaga 
on  the  Lehigh  including  the  paint  ore  is : 

Table  XIX. 


Hamilton  group 

Onondaga  group  Feet 

Buttermilk  Falls  limestone  5 

Selinsgrove  limestone  20 

Hazard  paint  ore  2—1 

Esopus  shale  87 

Palmerton  sandstone 120 

BowmanstoAvn  chert  54 

Oriskany  group 


The  paint  ore  intergrades  with  the  OA’erlying  limestone,  but  is 
sharply  separable  from  the  Esopus,  a unique  diseonformity.  At  the 
same  time,  representations  of  both  the  Buttermilk  Falls  and  Selins- 
grove limestones  are  interpreted  as  present  in  the  same  section,  a 
phenomenon  not  recognized  elsewhere.  The  Esopus  shale  itself  is 
identified  by  the  presence  of  Taonurus.  Presumably  the  post- 
Esopus  intervals  may  partly  include  the  missing  Needmore  shale  of 
the  west  unless  that  shale  be  directly  correlated  with  the  paint  ore 
as  well  as  the  Esopus. 
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Figure  35A.  Onondaga  shale  and  limestone  in  cut  on  Pennsylvania 
Railroad  near  Newton  Hamilton,  Mifflin  County.  The  illustration 
shows  the  hlaek  shale  occurring  here  in  the  midst  of  the  limestone. 


Photograph  by  Bradford  Willard 

B.  Onondaga  limestone  in  cut  on  Pennsylvania  Railroad  near  Newton 
Hamilton,  Mifflin  County.  The  photograph  illustrates  the  intergrada- 
tion of  the  limestone  and  included  black  shale  of  the  Onondaga  group. 
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Below  the  Esopus  shale  but  above  the  true  Oriskauy  (Ridgely) 
sandstone  with  eharaeteristie  fauna,  are  two  members  formerly  sup- 
posed to  be  Oriskauy,  but  shown  recently  by  Swartz  and  Swartz  (206) 
to  belong  with  the  Onondaga  group.  The  upper  of  these  they  have 
called  the  Palnierton  sandstone.  It  is  about  120  feet  thick  and  ap- 
pears to  be  barren.  Lithologically,  it  is  coarse  and  Oriskany-like. 
Beneath  it  is  54  feet  (measured. by  Cleaves,  personal  communication) 
of  cherty  material,  the  Bowmansville  chert.  Swartz  and  Swartz 
report  such  Onondaga  fossils  from  it  is  “ Spirifer”  marcus,  “S.”  duo- 
clenarius,  xhnphigenia  cf.  elongata,  “ Chonetes”  arcuatus,  Leptocoelia 
(Anoplotheca)  acutiplicata  and  Schucheriella  pandora.  These  ex- 
ceptional Esopus  conditions  seem  not  to  have  continued  west  to  the 
region  of  Schuylkill  Haven  where  no  sandstone  was  found  between 
the  Oriskauy  sandstone  and  conglomerate  and  the  Selinsgrove 
limestone. 

Another  variant  of  the  Onondaga  is  found  in  western  Mifflin  County 
and  elsewhere  in  Lycoming  County  as  at  Jersey  Shore.  This  is  a 
black  shale  in  the  midst  of  the  Xeedmore.  Its  tj^pe  section  is  east 
of  Newton  Hamilton  ivhere  it  is  almost  completely  exposed  in  large 
cuts  on  the  Pennsylvania  Railroad.  Lithologically,  this  rock  is  very 
like  the  Mareellus,  but  its  fauna  contains  fossils  which  set  it  off  from 
the  other  black  shale  assemblages  encountered  in  our  Middle 
Devonian.  Both  the  limy  beds  and  the  black  shale  carry  Onondaga 
fossils  with  Middle  Devonian  affinities.  Most  of  the  black  shale 
fossils  are  small  mollusks,  including  coiled  cephalopods.  It  is  re- 
ferred to  as  the  Beaver  Dam  black  shale  from  a brook  at  the  type 
loealit}^  (See  Figure  35.) 

Table  XX,  Composite  Onondaga  Section  of  Newton  Hamilton. 

Feet 


Mareellus  black  shale,  exposed  39 

Onondaga  group 

Selinsgrove  limestone 

g)  Limestone,  sandy,  gray,  brown-weathering,  carries  pyritifer- 
ous  nodules.  Well-rounded  sand  grains  are  present.  Fossi- 

liferous  4 

f)  Limestone,  gray,  massive,  with  impure  black  shale  partings 

in  midst.  Conchoidal  fracture  1-2 

e)  Shale,  dominantly,  black  and  fissile  with  large,  calcareous 

concretions ; beds  merge  into  overlying  limestone  19 

d)  Similar  to  (e)  but  fewer,  more  scattered  concretions.  No 
concretions  from  40  feet  below  (e)  to  base  of  (d)  ; thin  sand- 
stone partings  in  lower  portion  78 


This  is  the  Beaver  Dam  black  shale;  its  upper  and  lower  limits 
are  vaguely  defined  in  (e)  and  (c)  respectivel5’. 
c)  Similar  to  (d)  but  concretions  again  plentiful.  They  here 
appear  sandy  and  show  shale  laminations  on  weathered  sur- 
faces. Unweathered  concretions  consist  of  dense,  black  lime- 


stone   22 

d)  Similar  to  (c)  ; concretions  are  rare,  but  large,  up  to  5 feet, 
and  some  are  septarian.  Their  abundance  increases  down- 
ward   67 

a)  Black  shale  and  gray  interbeds,  of  platy  limestone  to  3-4 
inches  thick.  The  limestone  dominates  the  lower  10  feet  of 

this  part  of  the  section 17 

DISCONFOK.MITY 

Oriskany  sandstone,  exposed  5 
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Onondaga  correlations.  Tlie  inter-relations  of  the  members  of  the 
< )nondaga  group  in  Pennsylvania  are  shown  in  Figure  36.  Though 
divided  into  four  members,  the  formation  shows  a close  unity  through- 
out and  is  strictly  related  to  tlie  overlying  Middle  Devonian.  Nor- 
mally the  Onondaga  is  succeeded  through  transitional  beds  lyy  the 
Marcellus,  but  locally  a disconformity  may  be  recognized  at  this 
point.  The  base  of  the  Marcellus,  except  in  sections  Avhere  that 
formation  is  incompletely  present,  as  at  the  first  Suscpiehanna  gap  at 
Rockville,  is  essentially  synchronous  through  Pennsylvania.  The 
Xeedmore  shale  and  the  Esopus  shale  are  both  in  disconformable 
eontact  with  the  Oriskauy.  Except  where  local  erosion  may  have 
been  excessit^e,  the  top  of  the  Oriskauy  appears  to  be  assignable  to 
the  Ridgely  sandstone.  Thus  are  the  limits  of  the  Onondaga  group 
drawn.  Considering  its  seA’Cral  divisions,  relations  are  transitional 
lietweeu  the  Needmore  and  the  OA'erlying  Selinsgrove  limestone 
throughout  central  Pennsylvania.  A like  relation  obtains  beOveen 
the  Esopus  shale  and  the  Buttermilk  Palls  limestone  in  eastern  sec- 
tions. The  only  exception  is  in  the  section  at  Palmerton.  These  four 
members  carry  about  the  same  fauna,  though  its  relative  abundance 
varies.  A comparison  of  their  fossils  is  shown  in  Table  XXII,  page 
K)6.  Both  limestones  have  a smaller  fauna  than  the  Needmore  mem- 
ber, and  the  Esopus  has  the  fewest  fossils  of  all.  The  fo.ssils  have 
strong  Hamilton  affinities,  and  most  of  them  recur  in  later  beds.  A 
few,  notably  A'noplntheco  ncntiplicafo,  are  confined  to  the  Onondaga 
in  Pennsylvania,  ideveral  are  common  to  the  Oriskany  and 
Onondaga,  but  of  these,  most  are  long-range  species  which  transcend 
the  limits  of  the  Onondaga.  The  Lehigh  River  section  suggests  the 
correlation  betw('en  the  eastern  and  western  Onondaga  facies. 


Central  Penn.sylrania 
Hamilton  group 
Transition  (usually) 

Onondaga  group 

Selinsgrove  limestone 
Transition 

Needmore  shale 

I 

Disconformily 
Oriskany  grouj) 
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Lehigh  Valley 
Hamilton  group 
Transition 

Onondaga  group 
Buttermilk  Falls 
lipiestone 

Selinsgrove  limestone 
Transition 
Hazard  paint  ore 
Disconformity 
Esopus  shale  and 
sandstones,  etc. 
Disconformity 
Oriskany  grouji 


.l/o«?'oe  County 
Hamilton  group 
Transition 

Onondaga  group 

] Buttermilk  Falls 
j limestone 

Transition 

) 

Esopus  shale 

Disconformity 
Oriskany  group 


The  cherty  Buttenuilk  Falls  and  uou-eherty  Selinsgrove  lime- 
stones seem  to  meet  at  the  Lehigh.  They  are  closely  equivalent,  a 
relationship  further  substantiated  by  their  contacts  elsewhere  with 
the  Marcellus,  their  faunal  content  and  their  passage  into  the  sub- 
jacent members.  Each  shale  makes  up  a definite  unit  in  most  sections, 
separable  in  turn  by  a disconformity  from  the  still  older  Oriskany. 
Similarly,  the  Needmore  and  Esopi;s  shales  may  be  correlated.  As 
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just  cited,  both  rest  in  discoiiforuiity  upon  the  Oriskany  and  eadi 
grades  up  into  one  or  the  other  equivalent  limestones.  Their  respec- 
tive faunas  appear  identical  save  for  relative  abundance. 

The  Hazard  paint  ore  is  correlated  wdth  the  upper  part  of 
the  Needmore  member  to  the  west  and  less  surely  with  the  upper 
Esopus  to  the  east.  This  correlation  is  made  because  of  its  position 
in  section  and  its  intergradation  with  the  underlying  limestone.  Its 
plentiful  and  varied  fauna  suggests  more  that  of  the  Needmore  shale 
than  the  other  members,  but  this  is  based  rather  on  quantitative, 
not  qualitatiA^e  data.  Still,  both  the  Needmore  and  paint  ore  are 
relatively  rich  in  trilobites,  organims  not  noticeably  profuse  in  the 
other  members.  The  local  disconformity  at  the  base  of  the  paint  ore 
may  cut  out  much  of  the  Esopus.  The  ore  itself  is  thought  to  repre- 

CORRELATION  CHART 
OF  THE. 

ONONDAGA  GROUP 

ELXPLANATION 
Buttermilk  Falls  limestone 


Figure  36.  Correlation  chart  of  Onondaga  group  in  Pennsylvania. 

sent  abnormal  sedimentatioti  following  a brief  interval  of  interrupted 
deposition.  Its  unusual  fauna  is  certainly  indicative  of  exceptional 
environmental  conditions. 

To  the  foregoing  statements  on  inter-relations  of  the  Onondaga 
members  a summation  of  their  faunas  is  added  in  Table  XXII  beloAv.  • 
It  is  clear  from  the  x>reponderance  of  evidence  that  the  Onondaga 
cannot  reasonably  be  shaiqily  separated  faunally  from  the  younger 
Middle  Devonian  formations,  but  must,  as  premised,  be  treated  as 
next  of  kin  to  the  Marcellus  and  Hamilton.  Lithologically  there  is  a 
clear  ditference,  des^jite  a transitional  contact.  But,  revising  my 
recent  practice  of  calling  all  three  .the  “Hamilton  group,”  I now 
simply  apply  Middle  DeAmnian  inclusively  to  the  Onondaga,  Mar- 
eellus,  and  Mahantango. 
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Table  XXII,  Onondaga  Faunas 

The  following  table  of  Onondaga  fossils  in  Pennsylvania  and 
adjacent  regions  is  taken  nearly  verbatim  from  my  previous  account 
of  the  group  and  its  organic  contents,  but  the  list  for  the  paint  ore 
has  been  completely  revised  in  the  light  of  thorough  study  of  that 
faunule.  The  list  of  species  from  New  Jersey  does  not  include  those 
of  the  Green  Pond  Mountain  region. 


FAUNA 

Buttermilk  Falls 
limestone 

Selinsgrove 

limestone 

Needmore  shale 

Beaver  Bun 
shale 

Hazard 
paint  ore 

Esopus  shale 
New  Jersey 

Onondaga 

Maryland 

Onondaga 

Sponge,  imdetermined  

X 

Strcpfchifnua  sp 

X 

Zaphrenfis  simplex  

X 

X 

'X 

Z.  prolifica  

X 

X 

Z.  sp 

X 

X 

X 

X 

Am  plexus  liamiltoniae  

X 

Cystipliijllum  sp 

X 

Cyatliopliyllum  cf.  conatum  

X 

C.  sp 

X 

Favosites  limitaris 

X 

F.  sp 

X 

X 

Cerainpora  sp 

X 

Cladopora  sp 

Corals,  undetermined  

X 

X 

X 

Poli/r/nafli  us  sp 

X 

Taonurus  sp 

X 

X 

“Crinoidea,”  columnals  

X 

v 

X 

X 

Gystodictya  r/ilherti  

X 

C.  sp 

X 

Fenestella  sp 

X 

X 

X 

Polypora  cf.  distans  

X 

P.  cf.  hexayonalis 

X 

P.  sp 

X 

Conscinium  cf.  striaturum  

X 

Bryozoa,  undetermined  

X 

X 

Linaula  ligea  

? 

X 

L.  delia  

? 

L.  cf.  nuda  

X 

L.  sp 

X 

X 

X 

X 

OrMculoidea  lodiensis  var.  media. 

X 

X 

X 

X 

0.  sp 

X 

X 

X 

Graniella  liamiltoniae 

X 

Pholidops  cf.  areolata  

X 

X 

P.  sp 

X 

Pholidostrophia  pennsylvanica  . 

? 

X 

X 

Leptostrophia  perplana  

X 

X 

X 

X 

X 

X 
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Tal)le  XXII,  Onondaga  Faunas — Continued 


FAUNA 

Buttermilk  Falls 
limestone 

Selinsgrove 

limestone 

Needmore  shale 

Beaver  Run 
shale 

Hazard 
paint  ore 

Esopus  shale 

New  Jersey 
Onondaga 

Maryland 

Onondaga 

L.  sp 

X 

StropJieodonta  demissa 

X 

S.  patersoni  

X 

X 

S.  Inequlstriata  

X 

X 

X 

8.  concava  

? 

DouviJlina  sp.  nov 

X 

Leptaena  rhomboidalis 

X 

X 

X 

X 

Leptaenisca  australis  

X 

X 

Scliuchertella  pandora  

X 

X 

X 

X 

S.  variabilis  

X 

X 

/S.  cf.  perversa  

X 

X 

X 

Chonetes  mucronatus  

X 

X 

X 

X 

• 

X 

G.  hemisphericus  

X 

C.  buttsi  

X 

X 

X 

C.  setiqer  

X 

C.  cf.  setiger  

X 

C.  coronatns  

X 



C.  scitulus  

X 

C.  lepidus  

X 

G.  rugosus  



X 

G.  sp.  nov 

X 

G.  sp 

X 

X 

X 

"V 

Eodevonaria  areuata 

X 

X 

X X 



Anoplea  nncleata  

X 

X 

X 

Strophalosia  truncata  

X 

X 

X 

Productella  navlcella  

X 

P.  sp 

X 

Dalmanella  lenticularis  

X 

X 

X 

D.  sp 

X 

Rhipipidomella  vanuxemi  

X 

X 

X 

X 

R.  leucosia  

X 

R.  cyclas  

1 

X 

Scliizoplioria  striatula  

X 

i 

8.  propinqua  

X 

Aniphigenia,  cf.  elongata 

X 

Gamarotoechia  sp 

X 

Gentronella  cf.  ovata  

1 

X 

Granaena  romingeri  

X 

! 

Liorliynclius  cf.  multicosta  

X 

L.  sp 

X 

■ 

Tropidoleptus  sp.  

X 

Atrypa  reticularis  

X 

X 

X 

X 



i X 

A.  spinosa  

? 

Gyrtina  liamiltonensis  

X 

1 

X 



G.  sp 

' 

X 

“Rpirifer"  cf.  varicosus  

X 

...  . X 

“S.”  raricostus  

! 

X 

1 

“8.”  acuniinatus  

X 

t ■ ■ 

' 

;■  ■ 
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Tal}le  XXII,  Onondaga  Famuis — Continued 


FAUNA 

Buttermilk  Falls 
limestone 

SelinsgTOve 
, limestone 

j Needmore  shale 

1 1 

Beaver  Run 
shale 

i Hazard 
1 paint  ore 

j Esopus  shale 

New  Jersey 
Onondaga 

j Maryland 
1 Onondaga 

X 

X 

9 

9 

X 

“*Sf  ” sp 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Anoplotheca  acutiplicata* 

X 

X 

X 

X 

X 

X 

X 

X 

A . r.nnn.n.Dn.  

X 

A . c.n.m.illn.  

X 

X 

X 

X 

X 

X 

9 

Pentagonia  unisulcata  

X 

X 

X 

X 

X 

X 

Euthydesma  sp 

X 

Panenka  alternata 

X 

P.  cf.  dichotoma 

X 

P.  oisolescens  

X 

P.  cf.  multiradiafa  . . . 

X 

X 

P.  sp 

.X 

X 

X 

Ruchinla  hnlli  

X 

N 11  nula  r nr  h u lif  nr  mi  a 

X 

X 

N.  sp 

X 

Nuciiliten  m n du Int ii.x 

X 

X 

N.  triqueter  

X 

X 

Palaeoneilo  c.nnfftrirta  

o 

X 

P.  emarginata  

9 

X 

Liopteria  sciyi  

X 

L.  laevis 

X 

Conocardiuni  sp 

X 

.x 

Actinopteria  sp 

X 

Schizodus  sp.  T 

X 

Aviculopecten  equilatera  ' 

Modiomorpha  suhalata 

-If.  sp i 

X 

X 

X 

Pelecypoda,  undetermined  ' 

X 

Pleurotoniaria  lucina  

X 

P.  crassa 

X 

f 

P.  sp 

X 

J 

• Some  of  the  Esopus  examples  may  l)e  Leptocoelia  and  Imply  Orlskany  derivation  of 
at  least  one  element  of  the  fauna. 
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Tahle  XXII,  Onandaga  Faunas — Continued 


FAUNA 


£ 1 

w rt 

U r-> 

c s 

> ^ 

i 0 

t/i 

SO 

7i  ^ 

- 

Belleroplion  Jeda  

X 

Loxonema  hamiltoniae 

X . . . . 

X X 

X . . . . 

Jlinph  nrnufnn)  a IhiP.ntii'm  

Platystoma  cf.  euamphaloides  ... 

Ssfijlinlinn.  finRurPlln.  

X 

Tentaculites  bellulus 

X ? 

Conularia  undulata  

o 

C.  sp 

Enchostoma  sp 

9 

Coleolus  curvatus 

C.  tenuicinctus  

Hyolithus  cf.  aclis  

H.  cf.  principalis  

. 

Orthoceras  cf.  subulatum 

0.  sp 

Bactrites  aciculum 


X 

X 


X 

X 


X 


B.  sp. 


Paradisceras  discoideum  .. 

Agoniatites  expansus  

Gonitatites,  undetermined  . 
Cephalopoda,  undetermined 


X 


X 

X 


X 

X X 

X 

X 

X 

X ? X 


Prnrfus  sp 

Acidnspis  callicera 

Phacops  cristata  

P.  cristata  var.  pipa  

P.  ran  a 

P.  b tifo  

P.  sp 

Greenops  boothi,  var.  caUiteles 
G.  aspectans 
G.  anchiops 
G.  sp. 

Odontocephalus  selenurus 

0.  aegeria 

0.  cristata  

0.  sp 


X X X 

X 

X X X 

X X 

X X X 

X 

X X X 

X X 
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Table  XXII,  Onondaga  Faunas — Contimied 


FAUNA 


ConoUchas  eriopis  

Cypliaspis  cf.  steplianopliora 

O.  ininusciila  

Phaethoiiides  gemmaeus  . . . . 

Trilobita,  undeterinined 

Lepterditia.  ? cf.  subroiunda 

Bollia  ungula 

Uolliaf  ohesa 

B.  sp 

Bgthocypris  faviilosa  

B.  sp 

Vlrichia  conradi 

TJ . sp 

Octonaria  stigmata 

Ostracoda,  undetermined  . . . 
Phyllocarid,  undetermined  . . 


I’isces,  undetermined 
Plantae,  undetermined 


^ s 


> 

o o 

•S  .§ 
0;  ^ 


X 


X 


<v 

u 

o 


O 

q; 


(D 


\ ^ 

! P 

Ph 
^ . 

m 


pH 


M 


d 

rC 

w 

Tfl 

pH 

o 

ux 


fv  bX) 
w cd 
J-i  rrt 

■^g 

14  £ 


X 


X 

X 


X 

X 

X 

X 

X 

X 

X 


X 


X 


X 

X 


X 

X 


X 


X 


X 


X 


c3 

br 

PI  T3 
PI 

h P! 

So 


X 


X 

X 
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CHAPTER  V. 

MIDDLE  DEVONIAN,  Continued.  ERIAN  STAGE 


Hamilton  Group 

The  preceding  chapter  opens  •with  a general  discussion  and  history 
of  the  development  of  the  concept  of  the  Middle  Devonian  as  applied 
in  Pennsylvania.  The  balance  of  the  chapter  is  dedicated  to  descrip- 
tions of  the  lower  part  of  the  Middle  Devonian,  the  Onondaga  group. 
It  yet  remains  to  comment  upon  the  rest  of  the  Middle  Devonian, 
the  Hamilton  group,  using  the  term  in  a circumscribed  manner,  as 
has  been  noted  and  -will  be  defined  again  presently.  So  important  is 
this  portion  of  the  Devonian  that  it  has  been  segregated  in  a separate 
chapter. 

Hamilton  defined 

In  her  admirable  summary  of  New  York  geology.  Dr.  Goldring 
writes  (104;  pp.  386-7)  : 

The  Hamilton  beds  were  named  originally  from  typical  exposures  at  West 
Hamilton,  Madison  County  (Vanuxem  ’40).  These  beds  wdiich  are  repre- 
sented in  the  east  hy  sands  and  arenaceous  shales  and  in  the  west  by 
black  shales,  calcareous  shales  and  limestones,  are  on  the  wdiole  richly 
fossiliferous.  The  Hamilton  beds  form  a thick  wedge  of  clastic  materials 
which  thin  westw'ard  with  numerous  accompanying  shifts  or  facies  both 
in  the  character  of  the  rock  and  the  fauna.  Hall  and  Vanuxem  in  their 
final  reports  included  in  this  group  the  Skaneateles  shale,  Olive  shale, 
Ludlowville  shale,  Encrinal  limestone  and  the  Moscow  shale.  Dana  enlarged 
the  term  to  include  the  Marcellus  shale  and  the  Tully  limestone.  Until 
recently,  the  term  has  been  used  to  include  everything  between  the  Cardiff 
shales  and  the  Tully  limestone,  that  is,  the  Skaneateles,  Ludlowville  and 
Moscow  formations.  Very  recent  studies  of  the  Hamilton  beds  have  shown 
the  necessity  for  some  revisions,  and  for  the  details  the  student  is  referred 
to  the  paper  embodying  the  results  (Cooper  ’30).  These  studies  have 
shown  “that  the  black  muds  of  the  Marcellus,  often  affiliated  wdth  the 
Onondaga,  thicken  eastward  and  are  gradually  replaced  by  gray  arenaceous 
shale.  Concordantly,  the  Marcellus  fauna  gTades  eastward  into  one  of 
Hamilton  aspect.  These  phenomena  have  made  it  necessary  to  place  the 
Marcellus  formation  in  the  Hamilton  group,  which,  therefore,  now  con- 
sists in  ascending  order  of  the  Marcellus,  Skaneateles,  Ludlowville  and 
Moscow  formations.  The  Skaneateles  formation  and  several  members  in 
the  higher  formations  show  a similar  westward  shift  of  faunal  facies 
from  one  of  Hamilton  aspect  in  the  east  to  a modified  Marcellus  fauna  in 
the  west. 

This  description  demonstrates  that  during  nearly  a century,  the 
use  of  the  term  Hamilton  has  passed  through  many  vicissitudes  (cf. 
Cleland,  76).  Some  authors  have  argued  for  its  restriction,  others  its 
expansion.  Their  disagreements  are  summarized  by  Cooper  (78; 

p.  126)  : 

Dana  (J.  D.,  63,  p.  288)  in  his  “Manual”  had  been  using  the  name  Hamil- 
ton in  two  different  ways,  one  with  a chronological  sense,  the  Hamilton 
Period,  and  the  other  as  a stratigraphic  term,  Hamilton  group.  These  and 
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other  irregularities  iii  geological  nomenclature  led  Clarke  and  Scliuchert 
199i)  to  reorganize  the  stratigraphic  nomenclature  of  the  State,  re- 
viving manj'  old  names,  among  them  the  term.  Eriau,  to  serve  in 
a chronological  sense  for  the  time  included  in  the  Marcellus  and  Hamilton. 

In  a revision  of  the  stratigraphy  of  the  State,  Clarke  (03g,  p.  32)  felt 
a need  for  the  suhdivisional  terms  that  had  been  long  in  disuse  and,  there- 
fore, revived  the  names  Skaneateles,  Ludlowville,  and  Moscow  as  subdi- 
visions of  the  Hamilton  and  the  Marcellus  was  set  out  as  a division 
correlative  with  the  Hamilton.  This  grouping  persisted  until  Schuchert 
(Pirsson,  L.  V.,  and  Schuchert,  C.,  A Textbook  of  Geology,  Pt.  II,  p.  309, 
1924)  placed  the  Marcellus  in  his  “Onondaga-Marcellus  group”  on  the  basis 
of  the  stratigraphic  relationships  of  these  groups  described  by  Clarke 
(1901). 

The  results  of  the  present  study  emphasize  the  close  faunal  and  strati- 
graphic relationships  of  the  Marcellus  with  the  Hamilton  and  show  that 
the  Marcellus  is  actually  a facies  of  the  Hamilton.  Therefore,  the  ]\lar- 
cellus  has  been  retuimed  to  its  former  position  at  the  base  of  the  Hamilton 
and  is  considered  as  .a  formation  of  the  same  value  as  tlie  others  of  tlie 
Hamilton . 


So  iniieli  for  the  uses  of  Hamilton  in  the  type  New  York  region. 
How  inueh  and  how  well  can  these  definitions  apply  to  Pennsylvania? 
('an  we  use  them,  or  mii.st  we  set  np  our  own  nomenelatnre  ? The 
probability  is  that  a compromise  will  best  suit  the  situation,  and  such 
is  proposed  in  the  following  discussion. 

Kogers  evidently  had  the  more  restricted  use  of  Hamilton  (that  is, 
post-Marcellus  but  pre-Tully)  in  mind  when  he  correlated  the 
“Hamilton  Group  of  New  York”  with  liis  “CADENT  SHALES” 
lying  between  recognized  equivalents  of  the  black  “Genesee  Slate” 
and  “Marcellus  Slate”  (177).  Such,  too,  was  the  use  accepted  by 
1.  C.  White  of  the  Second  Suiwey  (228,  229,  230),  but  AVhite  was 
])rone  to  employ  the  same  name  in  more  than  one  sense  simultane- 
ously. He  used  Hamilton,  first  for  the  lower  part  of  Formation  VIII 
as  a sort  of  group  term,  and  then  as  the  middle  of  the  same  Avhieh 
he  resolved  into  three  jiarts: 

c.  Genesee  shale 
b.  Hamilton  sandy  shales 
a.  Marcellus  shales 

Cleaves  and  I (257)  used  Cooper’s  definition  of  the  Hamilton 
group  in  our  work  on  tlie  Middle  Devonian  in  eastern  Pennsylvania, 
to  mean  that  it  embraced  the  AIoscow,  Ludlowville,  Skaneateles  and 
Marcellus  formations  in  descending  order.  This  proATd  moderately 
satisfactory  for  that  part  of  the  State,  but  as  studies  Avere  pushed 
AvestAvard,  the  NeAV  York  sequence  grCAV  less  useful.  I still  tried  to 
continue  this  NeAV  York  usage  in  central  and  southcentral  Penn- 
syHania,  but  AA’ith  modifications  based  upon  lithology  and  faunal 
Amriations  (242,  246).  AYlien  studying  my  collections  of  Onondaga 
fossils  and  notes  on  that  group,  I became  convinced  of  the  close 
relationship  between  the  Onondaga  and  the  OATidying  Middle 
Devonian  beds.  I then  suggested  (251)  that  they  be  all  bunched 
together  as  the  Hamilton  group,  the  term  thus  becoming  synonymous 
with  Middle  Devonian.  This  suggestion  Avas  repeated  shortly  after- 
Avard  in  describing  the  correlations  of  the  Aliddle  Devonian  among 
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New  York,  New  Jersey,  Pennsylvania  and  Marjdand  (254).  How- 
ever, even  at  that  time,  I remarked  “I  prefer  to  leave  the  question 
open  until  a general  agreement  may  be  reached  between  those  inter- 
ested in  Middle  Devonian  terminology  in  the  eastern  United  States.” 
As  no  agreement  has  been  reached  since  then,  I feel  at  liberty  to 
proceed  with  a modifying  suggestion. 

If  Hamilton  group  and  Middle  Devonian  are  to  be  synonymous, 
one  or  the  other  term  is  superfluous.  Obviously,  Middle  Devonian 
cannot  as  easily  be  eliminated  under  present  usage.  Therefore, 
Hamilton  in  this  sense  must  be  dropped.  If  it  is  to  be  retained 
at  all,  it  must  be  redefined  in  a restricted,  new,  revised  connotation. 
It  is  proposed,  as  stated  in  Chapter  IV,  again  to  use  Hamilton  as 
recommended  by  Cooper,  that  is,  for  beds  included  between  the 
Onondaga  below  and  Burket  (“Genesee”  of  writers)  or  Tully,  etc., 
above. 

In  Pennsylvania  this  makes  the  Hamilton  a group  term,  for  it  in- 
cludes units  of  formational  rank.  Theoretically,  however,  Hamilton 
may  be  as  much  a facies  term  as  Marcellus  or  Catskill.  In  Pennsyl- 
vania this  is  a relatively  small  issue;  for  unlike  New  York,  we  have 
little  or  no  direct  concern  with  the  assumption  westward  of  a Mar- 
eellus  black  shale  facies  of  the  equivalent  of  what  we  are  calling  the 
Mahantango  formation  in  central  and  eastern  Pennsylvania.  Our 
Middle  Devonian  before  much  of  this  alteration  appears  dives  irre- 
coverably beneath  the  Allegheny  Front.  Conversely,  we  are  only 
indirectly  concerned  with  the  change  in  “eastern”  New  York 
(Hudson  Valley)  and  northcentral  New  Jersey  where  occurs  the 
displacement  of  the  Marcellus  by  a Mahantango  facies  fauna  entombed 
in  coarse  elastics.  There,  the  Hamilton  group  is  merely  the  coarse, 
clastic  facies  of  Middle  Devonian  marine  sedimentation.  Never- 
theless, thong’ll  we  may  speak  of  the  Hamilton  group,  its  facies  sig- 
nificance must  be  constantly  borne  in  mind. 

The  use  of  Hamilton  group  as  distinct  from  the  Onondaga  group, 
therefore,  accords  with  both  ancient  procedure  and  modern  practice. 
It  supplies  a term  of  reference  for  the  post-Onondaga  Middle 
Devonian.  Simply  by  saying  Hamilton  lithology,  Hamilton  facies, 
Hamilton  fauna,  the  connotation  may  be  taken  to  imply  post- 
Onondaga  conditions  without  having  to  add  in  explanation  “senso 
stricto,”  use  as  of  1840,  1858,  1899,”  etc.  Confusion  is  lessened, 
through  simpler  terminology.  Therefore,  Hamilton  group  will  be 
hereinafter  used  for  those  Middle  Devonian  beds  which  separate  the 
Onondaga  from  the  basal  Upper  Devonian,  be  that  Burket,  Brallier, 
Tully  or  what  not.  Parenthetically,  the  Mahantango  facies  might,  in 
Pennsylvania,  be  referred  to  faunally  as  the  “ Spirifer”  auciaculus 
beds.  The  included  Marcellus  formation,  be  it  remembered,  is  a black 
shale  facies  of  the  Hamilton,  as  contrasted  with  the  more  arenaceous 
facies  typified  by  the  Mahantango. 


Limits  and  Distribution 

The  upper  limit  of  the  Hamilton  group  in  Pennsylvania  has 
recently  been  elucidated  (247).  A brief  paraphrase  of  my  observa- 
tions shows  that  between  the  Allegheny  Front  and  the  Delaware 
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Valley,  the  Middle-Upper  Devonian  contact  is  anything  but 
monotonous.  Nearly  always  the  Hamilton  group  terminates  in  shale 
or  sandy  shale,  usually  eanying  a Moscow  fauna  with  a Vi.iuUna  zone 
at  or  near  the  top.  In  southcentral  Pennsylvania  the  Moscow  facies 
e(|uivalent  is  probably  absent.  Jlesting  in  disconformity  upon  the 
topmost  Hamilton,  one  may  expect  to  encounter  the  Tully  limestone, 
the  Burket  black  shale,  or  Trimmers  Bock  sandstone.  As  will  be 
shown  in  discussing  the  Portage  group,  this  succession  is  explicable 
as  transient  marine  stillstand  succeeded  by  resumed  westward  otf- 
lap  in  early  post-Hamilton  time.  The  basal  Trimmers  Kock,  where 


Figure  37.  Sketch  map  showing  distrihution  of  Hamilton  group  in 

Pennsylvania. 


it  rests  upon  the  Hamilton  in  Monroe  County,  may  be  distinguished 
by  an  occurrence  of  IIiji)otJnjyidhia,  but  in  Pike  County  there  is  no 
sure  means  known  of  separating  the  sandy,  uppermost  Hamilton, 
from  the  similarly  arenaceous  basal  Portage  which  carries  no  Tully 
element  nor  black  shale  band.  The  infej-ence  is  that  there  is  here 
both  lithic  and  biologic  intergradation. 

The  lower  limit  of  the  Hamilton  group  can  be  sharply  drawn  only 
locally  throughout  our  Middle  Devonian  terrane.  True  to  its  facies 
nature,  the  upper  Hamilton  or  Mahantango  is  transitional  with  the 
Marcellus  Avhose  relations  to  the  Onondaga  1 have  described.  The 
near  faunal  and  lithologic  relations  of  the  Mahantango  and  Marcellus 
are  criteria  Avhieh  rerjuire  their  close  grouping  together.  Where  the 
more  abundant  Skaneateles  facies  fauna  appears  instead  of  the 
usually  meager  Marcellus  facies,  I have  drawn  the  line  even  before  an 
appreciable  lithologic  change  is  apparent.  From  Perry  County  east 
to  the  Schuylkill,  the  hard  Fort  Hunter  sandstone  (cf.  Sequence  c 
Chapter  IV)  occurs  near  the  base  of  the  Skaneateles,  but  is  not  a 
particularly  valuable  key  bed. 


ii.\Mi];j'()X  (ijfour 


1 (■).') 


Photograph  h)i  BradfonJ  Willard 

Figure  38.  Fort  Hunter  sandstone  at  type  locality,  southeriiinost 
quarry  at  Rockville,  Dauphin  County. 

The  wide  distribution  of  the  Hamilton  in  Pennsylvania  is  illustrated 
in  the  map,  Figure  37.  The  Hamilton  group  enters  Pennsylvania 
from  the  east  of  Matamoras,  as  a narrow  band  which  underlies  the 
north  side  of  the  Delaware  Valley.  This  band  continues  west  across 
central  Pennsylvania  to  the  Allegheny  Front  and  south  into  Maryland, 
a distribution  noted  in  Chapter  IV. 


Hamilton  Divisions 

In  tracing  the  Hamilton  across  Pennsylvania  from  its  entrance  by 
way  of  the  Delaware  Valley  at  the  east  to  its  submergence  at  the 
Allegheny  Front  on  the  west  or  passage  into  Maryland  along  our 
southcentral  border,  it  is  evident  that  the  group  admits  of  analysis 
into  several  small  units.  Clear  cut  here,  any  of  these  may  become 
obscure  or  totally  unrecognizable  jmnder.  The  description  of  these 
subdivisions  and  their  intercorrelations  are  topics  of  considerable 
importance.  The  correlation  chart.  Figure  40,  shows  graphically 
these  subdivisions  and  their  correlations  across  Pennsylvania. 

The  Hamilton  sequence  in  New  York  has  been  cited;  in  eastern 
Pennsylvania  the  succession  is  analogous.  The  character  changes 
steadily  southwestward ; and,  at  the  Mason-Dixon  line,  little  remahis 
directly  correlatable  with  the  Hamilton  of  New  York.  There  is  only 
a general  similarity.  As  the  resemblance  fades,  certain  lithologic 
anomalies  obscure  the  more  distinct  eastern  divisions.  At  the  same 
time,  units  not  known  in  the  east  develop  The  sequence  in  eastern 
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Pennsylvania  as  typified  in  Monroe,  Carbon  and  even  as  far  west  as 
Sebuylkill  County,  is: 

HAMILTON  GROUP 
Mahantango  formation 

Moscow  facies.  VituUna-“8pwifer'’  tullius  zone 
common  at  or  near  top. 

Ludlowville  facies.  Storm-roller  zone  in  lower 
XJart.  Centerfield  coral  zone  at  or  near  base. 

Skaneateles  facies.  Berwyn  and  Delphi  equiva- 
lents probably  present  in  east.  Fort  Hunter 
sandstone  near  base,  locally. 

Marcellus  formation 


THE  iMARCELLUS  FORMATION 

In  the  discussion  of  the  Onondaga  group,  I described  its  relations 
to  the  next  higher  division  of  the  Middle  Devonian,  the  Hamilton 
group.  The  fact  has  been  stressed  that  these  two  groups,  the 
Onondaga  and  Hamilton,  are  faunally  nearly  related  and  that,  save 
in  the  restricted  region  of  the  middle  Susquehanna  Valley  and  along 
the  lower  Juniata,  the  two  mutually  intergrade  without  sign  or  hint 
of  diseonformity.  Yet  this  contact  separates  two  unlike  phases  of 
Devonian  sedimentation  in  Pennsylvania,  rivaled  in  contrast  only  by 
the  dissimilarity  between  the  Helderberg  and  Oriskany  groups.  The 
Onondaga  is  dominated  by  calcareous  rocks.  Even  where  true  lime- 
stone is  lacking,  the  shales  which  supplant  it  are  limy.  The  Marcellus 


Photograph  by  Bradford  Willard 

Figure  39.  Local  limestone  lens  in  Mahantango  shales,  Raystown 
Branch,  Juniata  River,  near  Manns  Choice,  Bedford  County. 
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and  succeeding  beds  of  the  Hamilton  are  non-calcareous,  clastic  de- 
posits. Yet,  the  black  shale,  with  its  pelagic  fauna  and  interbedded 
limestones,  locally  developed  in  the  Onondaga,  is  a true  foreshadowing 
of  coming  IVharcellus  conditions.  Nevertheless,  despite  the  close 
Onondaga-Marcellus  affinities  and  the  suggestion  of  the  beginning  of 
Marcellus  environment  in  local  developments  of  the  Onondaga  the 
physical  change  on  the  whole  is  pronounced.  Calcareous  deposition 
failed  to  return  during  Middle  Devonian  time.  True,  there  are  a 
few  thin  limestone  bands  in  restricted  areas  in  the  Marcellus,  and 
“limestones,”  most  of  them  coquinites,  are  known  in  still  higher 
beds,  but  they  are  naught  compared  in  either  extent  or  thickness  to 
the  rest  of  the  strata.  Even  the  Centerfield  coral  zone  of  the  basal 
Ludlowville  is  nowhere  a true  limestone.  Rather  it  is  finely 
arenaceous  mud,  full  of  calcareous,  organic  remains.  This  important 
sedimentary  difference  at  the  end  of  Onondagan  time  marks  the  begin- 
ning of  the  gradual  marine  recession  and  concomitant  filling  of  the 
Appalachian  geosyncline.  Momentarily  interrupted  at  the  opening 
of  late  Devonian  time,  that  is,  in  the  early  Portage,  when  the  Tully 
limestone  and  its  black  shale  complementary  correlate,  the  Burket, 
spread  eastward,  sedimentation  presently  resumed  its  steady  march, 
to  culminate  in  the  continental  Catskill  facies.  These  non-marine 
beds  had  their  inception  eastward  in  rather  early  Middle  Devonian 
time,  and  their  progressive  off-lap  westward  was  all  but  uninterrputed 
to  the  dawn  of  the  Mississippian  period.  How  well  all  this  was  told 
by  Lesley  in  his  Second  Survey  summary  (137;  pp.  1194-5)  : 

We  enter  now  [Marcellus]  upon  an  age  or  series  of  ages  of  mud  and 
sand,  leaving  the  limestone  world  beneath  our  feet.  The  sea  deepens  to 
receive  the  black  deposits  of  the  Marcellus,  and  then  the  Eamilton  sand ; 
then  again  the  soft  black  mud  of  the  Genesee;  and  again  the  fine  sand  of 
the  Portage ; then  the  vast  inpour  of  mingled  mud  and  sand  of  the 
Chemung ; and  finally  an  interminable  series  of  gray  and  red  sands,  muds 
and  occasionally  gravel,  the  Catskill  formation,  which  finishes  the  Devo- 
nian system,  and  prepares  an  oceanic  bottom  for  the  Carboniferous  system. 
Ten  thousand  feet  of  these  Devonian  sediments  remain  in  the  deeper  folds 
of  middle  Pennsylvania,  and  their  upturned  edges  may  be  studied  along 
innumerable  zigzag  outcrops. 

The  type  locality  for  the  Marcellus  in  New  York  State  lies  in  a 
region  classic  in  Devonian  lore.  Recent  studies  of  Cooper  have  re- 
vised our  knowledge  of  the  New  York  Marcellus,  its  several  divisions, 
stratigraphic  character,  and  the  history  of  the  term  (78;  pp.  129-130)  : 

To  the  west  of  Flint  Creek  the  entire  Marcellus  formation  consists  of  a 
relatively  thin  layer  of  black  shale,  not  divisible  into  units,  but  in  the 
central  and  eastern  parts  of  the  state  it  becomes  much  thicker  and  is 
clearly  divisible  into  a number  of  well  defined  members.  In  a like  manner 
the  Marcellus  is  marked  by  a decided  change  in  facies  when  followed 
from  west  to  east.  In  the_  western  part  of  the  State  the  “Marcellus  or 
Leiorhynchus  fauna”  is  dominant  but  in  the  passage  eastward  it  is  replaced 
by  the  Hamilton  fauna,  except  in  the  lowest  part  of  the  formation. 

The  Marcellus  has  undergone  considerable  revision  since  the  name  was 
proposed  first  by  Hall  (39,  p.  295).  The  term  was  first  used  to  include 
the  shale  at  Marcellus  between  the  top  of  the  Onondaga  limestone  and 
the  horizon  marking  the  first  appearance  of  a true  Hamilton  fauna.  A 
thin  band  of  limestone  (subsequently  termed  the  Stafford  limestone) 
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occurred  in  the  midst  of  Hall’s  Marcellus  and  was  used  as  a plane  of 
reference  in  discussions  of  these  rocks.  In  1840  Vanuxem  (40,  p.  379) 
described  a lower,  black,  fissile  shale  and  an  upper  blue-black  or  dark 
gray  shale,  the  former  being  the  lower  Marcellus,  and  the  latter  the 
upper  Marcellus.  In  1904  Clarke  and  Luther  (04b,  p>p.  14-17)  subdivided 
the  Marcellus  into  the  Marcellus  and  the  Cardiff  in  a region  east  of  the 
eastern  limit  of  the  typ)ical  Stafford  limestone.  But  they  fell  into  confu- 
sion because  farther  west  the  shale  below  the  Stafford  is  jet-black  and 
the  shale  above  the  Stafford  is  lithologically  like  the  Cardiff.  They,  there- 
fore, defined  the  Cardiff  as  lying  above  the  Stafford  when  actually  it  lies 
in  the  Marcellus  and  is  overlain  by  the  Mottville,  which  is  the  eastern 
equivalent  of  the  Stafford,  as  clearly  defined  by  Smith  (B.,  16).  Since  the 
Stafford  is  actually  the  equivalent  of  the  basal  bed  of  the  Skaneateles,  it 
is  necessary  to  exclude  this  member  from  the  Marcellus. 


Ill  Pennsylvania  the  oeeurrenee  of  the  Marcellus  black  shale  ivas 
recognized  by  Kogers,  Nvho,  in  1858  (177),  designated  it  as  the  lowest 
of  the  three  members  of  his  Cadent  Series,  the  “CADENT  LOWER 
BLACK  SLATE  {3IarccUus  l^laie  of  New  York).”  The  Second 
Survey  except  for  confusing  the  Marcellus  ivith  the  “Genesee”  in 
and  near  Bald  Eagle  Valley,  did  a good  piece  of  tvork  on  this  shale. 
Because  it  is  the  most  widespread  unit  and  jmt  the  most  constant  in 
lithology  among  all  the  Devonian  formations,  perhaps  of  all  Paleozoic 
formations  in  the  State,  its  obviously  distinctive  features  could  hardly 
escape  even  the  least  observant  of  Lesley’s  band.  They  recorded  its 
position,  thickness  and  distribution  generally  Nvith  highly  commend- 
able accuracy.  Lesley’s  final  summary  (137)  of  the  formation  is 
admirable,  and  it  might  Nvell  be  quoted  entire  and  applied  almost 
unmodified  today.  lie  distinguished  certain  divisions  of  the  Mareel- 
lus  in  eastern  Pennsylvania,  separable  chiefly  upon  their  color,  black 
in  the  upper  and  lower,  and  gray  in  the  median  portions.  My  obser- 
vations show  that  the  upper  and  lower  black  parts  are  geographically 
restricted  and  hardly  valid  subdivisions.  Rather,  the  whole  is  more 
nearly  in  agreement  with  Lesley’s  characterization  of  the  middle 
part.  AVhile  it  must  not  be  inferred  that  black  shale  is  absent  from 
our  eastern  Marcellus,  this  facies  becomes  prominent  only  to  the 
west,  but  the  Hecond  Survey’s  characterization,  “gray,  slaty  sand- 
stone,” is  the  predominating  eastern  lithic  type. 

Parenthetically,  it  is  interesting  to  observe  that,  even  at  the  close 
of  the  nineteenth  century,  Lesley  found  Jt  imperative  constantly  to 
caution  against  the  misconception  that  black  shale  meant  coal.  His 
somewhat  detailed  mention  of  the  Marcellus  iron  ores  seems  mis- 
placed emphasis  today,  when  our  Devonian  ores,  of  no  present  com- 
mercial value,  are  ignored  by  the  economic  geologist.  Yet  the  day 
may  come  when  these  lean,  little  beds  shall  again  be  worked  to  supply 
an  iron-poor  civilization. 

Distribution.  Though  not  commonly  a thick  formation,  the  Mar- 
cellus has,  as  just  remarked,  probably  the  most  uninterrupted  dis- 
tribution of  any  of  our  Devonian  sediments.  Entering  the  State 
from  Nbnv  York  at  Matamoras  on  the  Delaware,  it  underlies  the  low 
ground  bordering  the  river,  its  top  occasionally  showing  in  the  base 
of  the  bluffs  Nvhich  rise  to  the  northwest.  AA'estvvard,  to  the  Susque- 
hanna A^alley,  the  formation  follows  a nearly  straight  line,  broken 
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only  by  minor  divergences.  In  the  Susquehanna  and  Juniata  val- 
leys, the  Marcellus  outcrop  weaves  back  and  forth,  skirting  the  bases 
of  the  small  ridges  of  Montebello  sandstone.  It  disappears  westward 
beneath  the  Allegheny  Front  to  reapiiear  no  more  in  Pennsylvania. 
Southward,  it  passes  from  the  State  as  several  narrow  bands  of  out- 
crop in  Franklin,  Fulton  and  Bedford  counties. 

Thickness.  Save  in  our  eastern  sections  or  in  the  exceptionally 
arenaceous  facies  of  the  formation  in  the  middle  Susquehanna-Juniata 
valleys  region,  the  Marcellus  has  no  great  thickness.  The  variations 
are  given  in  Figure  40,  showing  Hamilton  correlations.  A maximum 
of  880  feet  is  recorded  in  Monroe  County  whence  it  drops  to  675  feet 
on  the  Schuylkill  and  thence  thins  rapidly  (perchance  partly  due  to 
faulting)  to  only  90  (?)  feet  on  the  Swatara  and  but  50  odd  at 
the  gap  of  the  Susquehanna  in  southeastern  Perry  County.  A 
rise  to  about  75  feet  is  noted  in  Perry  County.  Thence  northward,  an 
influx  of  sandstone  members  again  raises  the  Marcellus  thickness  in 
Juniata  County  to  nearly  700  feet.  It  falls  off  again  suddenly  to 
the  north  and  west  as  these  sandstones  drop  out,  so  that  along  the 
Allegheny  Front,  between  150  and  200  feet  would  appear  a fair 
estimate  of  its  thickness.  It  should  be  noted  that  Stevenson  (198; 
p.  82)  gave  a thickness  of  794  feet  in  Bedford  and  Fulton  counties, 
but  he  included  lithologically  similar  beds  now  grouped  because  of 
faunal  evidence  in  the  overlying  Mahantango  formation. 

Character  and  correlation.  Despite  its  rather  uniform  character, 
the  lithology  of  the  Marcellus  formation  in  Pennsylvania  does  per- 
ceptibly vary  over  wide  areas.  The  several  phases  are  not  par- 
ticularly striking  save  in  two  instances.  Nevertheless,  some  are  suf- 
ficiently pronounced  to  serve  in  a limited  way  toward  differentiation. 
The  New  York  Marcellus  is  considerably  subdivided;  portions  of  the 
formation  in  Pennsjdvania  have  lithologies  corresponding  to  three 
of  the  New  York  members,  recently  described  bv  Cooper  (78;  pp. 
131-133)  : 


Chittenango  niember.  This  name  is  applied  to  the  jet-black,  fissile  shale 
above  the  Cherry  Valley  limestone  from  eastern  Vew  York  nearly  to  Cayuga 
Lake.  The  rock  readily  crumbles  to  paper-thin  flakes  so  that  some  outcrops 
appear  as  a pile  of  thin  chips.  Huge  scptaria  and  smaller  calcareous  concre- 
tions are  abundant.  The  shale  is  non-calcareous  and  nearly  barren  of  fos- 
sils. It  is  separate!}'  designated  because  of  these  last  two  characteristics 
and  because  it  represents  only  a part  of  the  time  interval  of  the  Oatka  Creek 
shale  of  western  New  Y^ork. 

Union  Springs  niemher.  This  new  name  is  applied  to  the  thin  alternat- 
ing beds  of  black  limestone  and  sooty  shale  between  the  top  of  the 
Onondaga  limestone  and  the  Cherry  Valley  limestone.  The  t5^pe  section  is 
in  the  ux^per  x>art  of  tVood's  Quarry,  1 miH  south  of  Union  Siu'ings  (Cleland. 
03a,  pi.  4),  Cayuga  Lake,  where  the  relation  of  this  member  to  the  Cherry 
Valley  may  be  studied.  East  of  the  type  section  it  increases  in  thickness, 
and  the  relative  amount  of  shale  to  limestone  also  increases.  At  the  type 
section  the  member  is  17  feet;  at  Marcellus  it  is  13  feet,  and  at  Oneida 
Creek  above  Stockbridge  Falls  it  is  25  feet  thick.  Traced  westward  the 
relative  proportion  of  limestone  to  shale  increases  and  the  member  thins 
noticeably,  being  only  9 feet  thick  on  Flint  Creek  a short  distance  above 
Phelps.  West  of  Phelps  this  member  is  not  known. 
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Cardiff  shale.  In  their  report  on  the  Canandaig-ua-Naples  quadrangles, 
Clarke  and  Luther  (04b,  p.  16)  named  the  grey  upper  Marcellus,  the  Carditf 
shale.  Their  type  section,  near  the  settlement  of  Cardiff  in  the  Onondaga 
Valley,  extends  upward  from  the  black  Chittenango  shale  to  the  fossiliferous 
Mottville  member  of  the  Skaneateles.  Clarke  and  Luther  erroneously  sup- 
Xjosed  this  dark  grey  shale  to  be  identical  with  a similar  shale  that  lies 
above  the  Stafford  limestone  in  western  New  York,  and  so  defined  the 
Cardiff  as  being  above  the  Stafford.  But  since  the  Mottville  has  been  traced 
to  Cayuga  Lake,  where  it  directly  overlies  the  Oatka  Creek  shale,  it  is  evi- 
dent that  the  Cardiff  has  disappeared,  probably  by  a westward  gradation 

into  black  shale The  Oatka  Creek  shale  is  thus  probably  the 

dejjositional  equivalent  of  the  Cardiff  and  the  Chittenango. 

It  should  be  observed  that  the  New  York  Marcellus  contains  besides 
these  units,  the  Oatka  Creek  shale,  Cherry  Valley  member  (a  lime- 
stone), Bridgewater  member,  Solsville  member  and  Peeksport  mem- 
ber, none  of  which  has  been  distinguished  in  Pennsylvania.  The  few 
limestone  bands  or  lenses  in  our  more  western  Marcellus  exposures 
lack  the  large  ammonoids  so  characteristic  of  the  Cherry  Valley  mem- 
ber. The  inadvisability  of  the  use  of  the  name  “Cardiff”  has  been 
commented  upon  in  the  footnote  of  Sequence  cl,  page  139.  The  name 
is  not  adopted  here. 

Where  the  Marcellus  is  first  seen  in  eastern  Pennsylvania,  in  the 
Delaware  Valley  and  in  the  neighborhood  of  the  Stroudsburgs, 
Monroe  County,  it  is  a rather  dark  to  medium  gray  or  almost  black 
shale,  usually  finely  arenaceous.  The  lithology  is  closely  allied  to 
that  assigned  the  “Cardiff”  in  New  York  State;  but,  since  the  precise 
correlation  cannot  be  established  and  there  is  doubt  as  to  the  validity 
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Figure  41,  Quarry  in  Brodhead  (Marcellus)  shale,  north  edge  of 
Stroudsburg,  Monroe  County.  Bedding  nearly  flat;  note  joints  and 
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of  the  term  “Cardiff,”  the  name  Brodhead  member  is  here  intro- 
duced, for  this  finely  arenaceous  phase  of  the  Marcellus.  It  is  de- 
rived from  its  exceptionally  good  development  in  the  valley  of 
Brodhead  Creek,  Monroe  County.  In  a stone  quarry  in  the  northern 
edge  of  Stroudsburg,  typical  Brodhead  shale  is  uncovered  for  20  to 
30  feet  and  is  highly  fossiliferous.  This  zone  is  estimated  to  be  some 
130  feet  above  the  top  of  the  Onondaga.  The  faunule  includes  the 
following  (233  et  seq.)  : 


Bryozoa,  indet. 

Lingula  cf.  delia  Hall 
L.  ligea  Hall 
Orticuloidea  sp. 

Graniella  cf.  hamiltoniae  Hall 
Craniella? 

Chonetes  mucronatus  Hall 
G.  scitulus  Hall 
G.  setiger  (Hall) 

Strophalosia  truncata  (Hall) 
Gamarotoechia  proliflca  Hall 
Liorhynchus  limit  are  (Vanuxem) 
L.  laura  (Billinas) 

L.  laura  (?)  (Billings) 
Tropidoleptus  carinatus  (Conrad) 
“Spirifer"  mucronatus  (?)  (Con- 
rad) 

Amhocoelia  umionata  (Conrad) 

A.  nana  Grabau 


Brachiopod,  indet. 

Panenka  costata  Hall 
Nuculites  triqueter  Conrad 
Liopteria  laevis  Hall 
Lunulicardium  curtmn  Hall 
Actinopteria  muricata  Hall 
Nyassa  suhalata  Hall 
Aviculopecten  invalidus  Hall 
A.  scahridus  Hall 
Allocardium  alternatum  (?)  Hall 
Modiomorpha  alta  (Conrad) 
Styliolina  flssurella  (Hall) 
Nephritoceras  t>uclnnum  (Hall) 
Bactrites  cf.  clavus  Hall 
Eomalonotus  dekayi  (Green) 
Phyllocarida,  indet. 

Onychodus  slgmoides  (?)  New- 
berry 

Plantae,  indet. 


A closely  similar  though  less  diversified  faunule  was  collected  about 
200  feet  higher  in  the  formation  in  exposures  along  the  east  side  of 
State  Highway  90  north  of  Stroudsburg.  These  faunules  in  their 
specific  variety  and  abundance  of  individuals  are  unique  for  eastern 
and  central  Pennsylvania.  Throughout  most  of  those  districts  the 
Marcellus  population  consists  of  stray  examples  of  Liorhynchus 
'‘limitare”  and  Styliolina  fissurella  to  the  near  exclusion  of  all  other 
organisms.  A few  exceptions  to  this  statement  are  recognized  in 
scattered  localities,  and  these  faunules  will  be  listed  subsequently. 

In  the  region  of  Stroudsburg  the  basal  Marcellus  passes  down  into 
the  shaly  top  or  transitional  beds  of  the  Onondaga  limestone  (Butter- 
milk Palls  formation).  The  top  of  the  Marcellus  cannot  be  separated 
from  the  basal  Mahantango  formation  by  any  more  definite  criterion 
than  the  appearance  of  the  first  Skaneateles  faunule.  The  lithology 
changes  very  gradually.  Continuing  westward,  Marcellus  exposures 
are  fairly  common,  but  rarely  satisfactory. 

The  Marcellus  of  the  Lehigh  Valley  near  Bowmanstown  and 
Lehighton  is  poorly  exposed.  The  section  is  complicated  by  folding 
and  faulting,  and  usually  only  the  higher  part  of  the  formation  shows. 
The  beds  are  dark,  fissile,  arenaceous  shale  correlated  with  the  Brod- 
head member  in  Monroe  County.  Prom  the  Lehigh,  the  Marcellus 
formation  may  be  traced  westward.  Two  miles  west-southwest  of 
Summit  in  southern  Schuylkill  County,  the  lower  Marcellus  beds  are 
well  exposed.  Dark,  finely  laminated  shale  with  a gray-brown  streak 
carries  a few  styliolinas.  The  lithology  is  more  of  the  Chittenango 
than  Brodhead  type  and  is  correlated  questionably  with  the  Shamokin 
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member,  or  lower  Marcelliis  black  shale  of  central  Pennsylvania,  to  be 
described  subsequently.  The  hig’her  beds,  still  somewhat  resembling 
the  Brodhead  type,  are  seen  in  the  Pennsylvania  Railroad  cuts  south- 
east of  Schuylkill  Haven.  They  ea,rry  a few  fossils  sug'gesting  transi- 
tion into  the  Skaueateles  formation : 


Jjiiiffiila  sp. 

Orhiciiloidca  m'niutu  Hall 
('raiiiella  cf.  hainilfoniae  Hall 
Inarticulate  brachiopod,  undet. 
Cumurotoecliia  dotis  Hall 
Llorhynchus  liutitare  (Vanuxem) 


Acthiopteria  cf.  suhdecussata  Hall 
A.  niuricata  Hall 
Leptodesma  cf.  rogersi  Flail 
Modioiiiorphft  altd  (Conrad) 
^^tpUoliiia  finsurclla  (Hall) 
Phyllocarid,  indet. 


The  next  notable  outcrop  of  the  Marcellus  is  on  the  east  side  of 
Swatara  Creek  below  Suedberg,  wliere  the  formation  lias  an  estimated 
thickness  of  90  feet.  The  dark,  slightly  arenaceous  shale  carries 
3 or  4 feet  of  black,  argillaceous  limestone  at  the  base  next  to 
the  Onondaga  (Selinsgrove)  limestone.  The  lithology  of  the  non- 
caleareous  beds  suggests  the  Brodhead  member  more  than  did  the 
exposure  at  Summit,  but  the  correlation  is  uncertain;  and  the 
argillaceous  limestone  at  the  base  may  correlate  with  the  Union 
Springs  member  of  New  York.  The  exposure  at  best  i«  poor,  but  a 
comparatively  large  faunule  of  Onondaga  aspect  was  collected: 


Bryozoa,  indet. 

Lingulella  sp. 

Leptostrophia  perplana  (Conrad) 
iStrophcodonta  deniissa  (Conrad) 
Leptaena  rhomhoidalis  (Wilckens) 
Chonctes  voronatus  (Conrad) 

C.  scitulus  Hall 
C.  cf.  sciiger  (Hall) 


('.  cf.  Icpidiis  Hall 
C.  vicinifS  (Castelnau) 
RhipidonieUa  vanuxemi  Hall 
Liohi/nchus  limitare  (Vanuxem) 
Acthiopteria  cf.  d07-is  Hall 
PePcypod,  indet. 

Rigliolhia  fissurelia  (Hall) 
Ostracod,  undet. 


Approaching  the  Susquehanna  Valley,  the  Marcellus  continues  to 
thin  to  between  50  and  100  feet.  In  the  southernmost  of  the  Rock- 
ville cpiarries  and  across  the  river  in  an  abandoned  quarry  south,  of 
Marysville  (opposite  the  west  end  of  the  Pennsylvania  Railroad 
bridge)  the  formativui  is  not  over  50  feet  thick.  This  decrease  is 
due  to  faulting,  lack  of  deposition,  or  both.  As  the  Marcellus  passes 
up  into  the  shaly  base  of  the  Montebello  or  Skaueateles,  Taonurns 
may  abound,  but  otherwise  these  shales  are  barren.  Their  strati- 
graphic position  demands  correlation  with  the  upper  black  shale  of 
the  Marcellus,  tlie  Mahanoy  member,  of  central  Pennsylvania  north 
of  this  area.  The  Marcellus  is  rather  thin  in  Perry  County,  and  is 
always  black,  fissile  shale  with  or  without  iron  ore  at  the  base.  This 
shale  is  also  correlated  with  the  Mahanoy  member.  It  is  in  discon- 
foramble  contact  wdth  the  limestone  at  the  top  of  the  Onondaga 
(Selinsgrove  member)  from  which  it  is  often  separated  by  a very  thin 
basal  sandstone.  (Figures  32  and  33.)  The  shale  grades  up  into 
the  base  of  the  Montebello  sandstone  which  may  itself  be  shaly  as  at 
Rockville. 

Northward  along  the  Susquehanna  or  Juniata  valleys  from 
northern  Perry  into  Juniata,  Snjuler  and  Northumberland  counties, 
a remarkable  change  takes  place  in  the  lithology  of  the  Marcellus. 
Instead  of  the  characteristic  dark  gray  or  black,  fissile  to  finely 
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arenaceous  shale,  an  abundance  of  sandstone,  some  of  it  rather  coarse, 
makes  its  appearance.  Because  of  this,  the  formation  may  be 
analyzed  into  four  members : 

Mai’oellus  formation 

^tahanoy  black  shale 
-Mexico  sandstone 
Turkey  Kulge  sandstone 
Shamokin  Ijlack  shale 

Tire  highest  and  lowest,  the  Mahanoy  and  Shamokin  members,  are 
black,  fissile  shales  of  ortliodox  Marcellus  appearance.  Their  maxima 
are  200  and  2.')0  feet  r-espectively.  The  former  was  named  for 
iMahanoy  Townshi]i,  southwestern  Northumberland  County;  tire  latter 


Jr'noiOtj.  apn  oti  isniajora  [v'liuira 

Figure  42.  Concretions  in  the  Marcellus  black  shale  south  of  Snn- 
bury,  IVorthumberlaiifl  County.  The  rule  is  one  foot  lon^, 

from  Shamokin  Creek  in  the  western  part  of  the  same  county. 
Lsually,  the  two  are  indistinguishable  lithologically  and  may  be  dif- 
ferentiated only  when  the  intervening  sandy  members  are  recognized, 
h ossils  are  A'ery  scarce  in  the  tshamokin  and  practically  unknown 
in  the  Mahanoy.  xV  magnificent  section  of  these  shale  beds  is  ex- 
posed along  the  highway  parallel  to  the  railroad  between  Sunbury 
and  Selinsgrove  Junction.  Hei'e  the  black  shales  carry  a few  thin 
.sandstones  in  the  midst  which  may  be  attenuated  remnants  of  the 
intervening  arenaceous  members  to  the  southwest.  In  the  lower  part 
are  man\^  2 to  3-foot  ellipsoidal  concretions.  Locally  these  shales  carry 
a little  lime.  The  Shamokin  member  at  Blue  Spring  near  Mexico  in 
Junmta  County  is  bisected  by  a two-foot,  dark  coqninite  composed 
chiefl}'  of  Ambocoeluf  shells.  At  Seliiisji’rove  Junction  clnrinGf  hit'll- 
way  construction,  I observed  in  the  basal  beds  of  the  Marcellus,  a sooty, 
fossihferons  bed  suggesting  strongly  the  Union  S]irim>'s  member  of 
New  York  and  rather  similar  basal  .strata  at  Swatara  Gap  (q.  v.).  xVs 
stated,  the  Mahanoy  is  practically  barren,  but  the  Shamokin  member 
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has  yielded  Liorliynchus  limitare,  Styliolma  fissurella  and  a few  other 
small  forms.  Most  of  these  were  found  in  the  section  below  Sunbnry. 
The  two  other  members  of  the  Mareellns  in  central  Pennsylvania  I 
described  originally  as  follows  (242;  pp.  203-4)  : 

The  Mexico  sandstone  memlaer  takes  its  name  from  the  village  of  Mexico, 
in  central  Juniata  County.  It  is  exposed  in  a hill  east  of  the  town,  and 
again  in  the  Blue  Spring  section,  southwest  of  Mexico,  hut  attains  a 275- 
foot  maximum  in  the  McCoysville  section,  whence  it  thins  rapidly  to  nothing 
in  western  Juniata  County.  Eastward,  it  remains  close  to  100  feet  thick, 
through  the  Dalmatia  section,  after  which  it  almost  immediately  disap- 
pears. Northward,  it  dies  out  well  within  Juniata  and  Snyder  counties. 
It  is  a fine  sandstone,  light  gray  to  whitish,  platy,  and  easily  recognized  by 
the  fact  that  the  bedding  surfaces  weather  brown.  It  separates  the 
Mahanoy  and  the  Turkey  Ridge  members.  Usually  barren,  an  occasional 
Marcellus  fossil  has  been  found  in  this  member. 

The  Turkey  Ridge  sandstone  takes  its  name  from  Turkey  Ridge,  which 
separates  eastern  Juniata  and  Perry  counties.  It  is  best  seen  in  the  Dela- 
ware Creek  section,  and  is  well  exposed  in  several  sections  west  thereof. 
Its  maximum  thickness,  slightly  over  200  feet,  is  in  the  Juniata  Valley, 
whence  it  thins  gradually  to  the  east  and  to  the  west,  having  nearly 
identical  areal  distribution  with  the  Mexico  sandstone.  No  fossils  have 
been  discovered  in  this  member.  It  is  a flaggy  to  massive,  comparatively 
coarse,  hard,  olive-g'ray  sandstone  and  is  often  so  strikingly  similar  in 
appearance  to  the  Oriskany  (Ridgely  sandstone  member)  of  the  region  as 
to  be  all  but  indistinguishable  save  on  paleontologic  data. 


The  following  is  a complete  list  of  all  Marcellus  fossils  so  far  dis- 
covered in  the  four  members  in  central  Pennsylvania : 


Crinoidea,  columnals 
Lingulella  si^. 

Lingula  ligea  Hall 
Orhiculoidea  lodiensis  var.  media 
Hall 

Chonetes  scitulus  Hall 
Stroplialosia  truneata  (Hall) 
Liorliynchus  limitare  (Vanuxem) 
Afuhocoelia  sp. 

Buchiola  sp.  nov. 

Lioptcria  laevis  Hall 


Modioniorpha  cf.  alta  Hall 
M.  mytiloides  (Conrad) 
Styliolina  fissurella  (Hall) 
Tentaculites  helluhis  Hall 
Orthoceras  subulatum  Hall 
Orthocerasf 
Bactrites  sp. 

Goniatite,  indet. 

Phacops  rana  (Green) 

Plantae,  wood  fragments,  and 
others. 


The  origin  of  the  sandy  members  of  the  Marcellus  deserves  special 
consideration.  However,  because  the  more  prominent,  younger  Monte- 
bello sandstone  occupies  the  same  region,  a description  of  the  three 
with  a discussion  of  their  origin  will  be  presented  with  the  characteri- 
zation of  the  similar  but  younger  Montebello  sandstone. 

Along  the  Allegheny  Front,  the  Marcellus  is  exposed  in  many 
places  and  is  black,  fissle  shale  like  the  Mahanoy  and  iShamokin  mem- 
bers in  central  Pennsylvania.  Probably  it  represents  a coalescence 
of  the  two,  with  the  Mexico  and  Turkey  Ridge  sandstones  gone.  Here, 
as  in  the  east,  the  Marcellus  interfingers  with  the  Onondaga.  No 
longer  diseonformable  as  in  central  Pennsylvania,  the  transition  is 
reminiscent  of  our  more  easterly  sections.  Where,  in  central  Penn- 
sylvania, the  Montebello  sandstone  may  closely  delimit  the  top  of  the 
Marcellus  in  many  sections,  along  the  Allegheny  Front  the  first 
Mahantango  faunule  marks  the  base  of  the  Mahantango  formation. 
Of  our  most  western  or  northwestern  Marcellus,  I have  written  (246, 
pp.  1282-3)  : 
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The  Marcellus  formation  in  Bedford  County  usually  contains  an  abund- 
ance of  the  small  pteropod  Styliolina  flssurella  (Hall)  and  few,  if  any, 

other  fossils.  No  faunal  lists,  therefore,  have  been  presented 

on  Canoe  Creek  [Blair  County]  the  lower  portion  of  the  Mahantango  for- 
mation is  exposed  as  sandy,  sparingly  fossiliferous  strata,  which  inter- 
flngers  with  the  Marcellus  below  and  may  represent  the  Gander  Eun.  This 
Marcellus  is  interesting,  for  in  its  midst  there  are  thin  limestones  or  beds 
of  calcareous  nodules  which  are  the  southernmost  known  example  of  a 
distinctive  feature  of  this  formation  common  in  the  northern  sections. 
They  are  diagnostic  and  distinguish  the  Marcellus  from  the  later  Burket 
and  Harrell  (“Genesee”)  dark  shales  of  the  Portage,  which  along  the 
Allegheny  Front,  are  not  known  to  include  such  beds.  The  Marcellus 

fauna  on  Canoe  Creek shows  a marked  increase  in  number  of 

species  over  Bedford  County. 

Bryozoan,  undescribed 
Strophalosia  truncata  (Hall) 

Liorhynchus  limitare  (Vanuxem) 

Ambocoelia  umbotmta  (Conrad) 

Leptodesma  rogersi  Hall 
Styliolina  flssurella  (Hall) 

No  complete  section  of  the  Marcellus  was  fotmd  in  Huntingdon  County. 
At  Entriken  its  top  passes  upward  into  dark,  lower  Mahantango  sandstone 
and  sandy  shales.  Thin  limestone  interbeds  show  along  United  States  High- 
way 33,  beside  the  State  Eeformatory  west  of  Huntingdon.  At  the  west 
side  of  Juniata  College  campus,  Huntingdon,  the  black,  fissile  shale  carries 
limestone  concretions.  Comparative  lists  of  limestone  and  shale  fossils 

at  this  place  are  given : 

Limestone  faunule : 

Zaphrentis  simplex  Hall 
Ceratopora  intermedia  (Nicholson) 

Crinoidea,  columnals 
Orbiculoidea  sp. 

Ambocoelia  umbonata  (Conrad) 

Styliolina  flssurella  (Hall) 

Shale  faunule: 

Strophalosia  truncata  (Hall) 

Productella  spinulicosta  Hall 
Liorhynchus  limitare  (Vanuxem) 

Ambocoelia  umbonata  (Conrad) 

Pelecypoda,  indet. 

Styliolina  flssurella  (Hall) 


In  Mifflin  County  most  of  the  Hamilton  group  has  been  eroded.  At  Newton 
Hamilton  the  lower  beds  have  been  preserved,  but  exposures  are  few  and 
poor.  Only  the  Marcellus  surely  was  identified.  It  is,  like  that  of  Bedford 
County,  black  fissile  shale  without  limestones  and  commonly  carrying  only 

Styliolina  flssurella  (Hall) Lower  Mahantango  fossils,  or 

even  outcrops  of  the  formation,  are  particularly  scarce  in  Lycoming  County, 
but  several  Marcellus  exposures  have  been  discovered.  Southeast  of  Jersey 
Shore,  near  Eiver  Mill  School,  is  an  exposure  of  characteristic  black  shale 
with  limestone  concretions.  A diagnostic  faunule  was  collected  which  is 
of  exceptional  specific  richness  for  the  Marcellus. 


Crinoidea,  columnals 
Lingula  sp. 

Orbiculoidea  lodiensis  var.  media 
(Hall) 

Schuchertella  variabilis  Prosser 
Chonetes  vicinus  (Castelnau) 

C.  sp 

Strophalosia  truncata  (Hall) 
Liorhynchus  limitare  (Vanuxem) 
Ambocoelia  umbonata  (Conrad) 
Buchiola  sp.  nov. 


B.  sp. 

Palaeoneilo  plana  Hall? 
Lunulicardium  sp? 

Pelecypoda,  indet. 

Styliolina  flssurella  (Hall) 
Coleolus  tenuicinctus  Hall 
Orthoceras  sp. 

Bactrites  aciculurn  (Hall) 
Agoniatites  expansus  (Vanuxem) 
Goniatite,  undet 
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As  noted  before,  it  is  imiiortant  in  this  region  not  to  confuse  tlie 
black  Onondaga  shale  with  the  Marcelliis.  The  abundantly  fossilifer- 
ous  character  of  the  former  is  at  once  a distinctive  feature  not  to  be 
mistaken. 

The  Marcellns  in  Pennsylvania  may  be  said  to  consist  of  several 
essentially  synchronous  facies  whose  relatively  meager  faunas  are 
quite  similar  to  one  another.  Disregarding  the  heavy  sandstones,  the 
Mexico  and  Tnrke,y  Ridge  members,  they  being  exceptional  and  con- 
fined to  a comparatively  small  area,  the  Marcellns  in  the  east  is 
dominated  by  a finely  arenaceous  facies,  the  Brodhead  member,  which 
may  be  quite  fossiliferons ; in  central  Pennsylvania,  the  rock  becomes 
nearly  barren,  fissle,  black  shale  resembling  the  Chittenango  of  New 
York  and  carrying  perhaiis  a suggestion  of  the  Union  Springs  mem- 
ber of  that  State  at  the  base;  and  along  the  Allegheny  Front  this 
black  shale  facies  persists,  but  is  clearly  growing  limy  westward  or 
northwestward.  With  increase  in  caleium-earbonate  content,  fossils 
become  more  diverse  and  profuse.  In  our  Marcellns  formation  is  the 
essence  of  a marine  lateral  sedimentary  sequence.  Otf-shore,  in  rela- 
tively quiet  water  conditions,  if  not  actnal  stillstand,  accnmnlated 
the  fine,  black  muds,  and  calcareous  oozes.  Farther  .shoreward  come 
fine  sands.  We  shall  see  later  that,  in  northcentral  New  Jersey,  tlie 
Mareellus  changes  to  thick,  coarse  sandstone  with  a Ylahantango 
facies  fauna. 


.M 1 1 .V  N TAN G O TO K .U A T lO N 

In  our  earfy  work.  Cleaves  and  I snpiiosed  the  correlates  of  the 
New  York  formations  of  the  upper  part  of  the  Hamilton  group  could 
be  distinguished,  particularly  in  eastern  Pennsylvania  (257).  Addi- 
tional studies  have  lead  me  to  discount  onr  first  views  to  a certain 
degree.  No  doubt  the  three  formations,  YIoscow,  Lndlowville  and 
Skaneateles,  are  more  or  less  clearly  diseernable  both  lithologically 
and  fannally,  particularly  faunally.  However,  it  seems  safer  and 
wiser  to  extend  the  use  of  Mahantango  formation  for  the  post-Mar- 
celliis  portion  of  the  Hamilton  group  geographically  eastward  and 
refer  to  the  probable  correlates  of  these  New  York  units  as  facies 
developed  within  the  Mahantango  itself.  The  general  character  of 
the  Mahantango  formation  was  discussed  in  Chapter  IV.  Its  details 
must  now  be  explained. 

The  Moscow  facies  in  Monroe  County  occupieiS  about  25D  feet  of 
fine-grained,  dark-gray,  platy  sandstone  and  dark,  argillaceous,  sandy 
shale  at  the  top  of  the  Mahantango  formation.  Small  concretions 
occur  sparingly.  On  Brodhead  Creek  it  carries  the  following  fossils: 

Crinoidea,  eolumnals 
Atri/pa  reticularis  (Lhimieiis) 

'"Spirifer”  f/raunlosus  (Conrad) 

“N.”  nrucronatus  (Conrad) 

“S”  nnyiistus  Hall 

Or  ant  my  si  a.  arcuata  (Conrad) 

Cephalopod,  indet. 

Phavops  cf.  rana  (Green) 

Oreniops  hootPi  (Green) 
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This  famiiile,  though  just  below  the  Uypotlnjridina  beds  {Laurens) 
of  the  basal  Portage,  lacks  VitiilLia  pustulosa  and  “ Spirifer”  tullius, 
fossils  which  appear  to  be  very  rare  or  absent  in  the  extreme  east.* 
However,  the  highest  Mahantango  on  the  Lehigh  yielded: 

CJwnetes  scitulus  Hall 
C.  cf.  vicuius  (Castelnau) 

'"Spirifer'"  mucronatns  (Conrad) 

“»S'”  cf.  (/rariiilosus  (Conrad) 
tnlliiis  Hall 

Amhocoelia  pracii whoiu(  Hall 
VifuliiKi  pustulosii  Hall 
yiiculifcs  triqucter  Conrad 
Actinopteria  decussata  Hall 
Pleurotoninria  sj). 


In  Schuylkill  County  along  the  Reading  Railroad  north  of  Auburn 
the  upper  Moscow  beds  produced  a more  abundant  fauna : 


Farnsites? 

Crinoidea,  coluninals 
Choiietcs  scil  iilii.'i  (Hall) 

C.  avtigcr  (Hall) 

C.  lepidiis  Hall 

Tropidolcptus  cariiiafus  (C'onrad) 
“Spirifcr”  iinicronatus  ((jonrad) 
tullius  Hall 


“/S'.”  audnrulus  Conrad 
Vlfuliiia  pustuiosa  Plnll 
Afhi/ris  spirifcroidcs  (Eaton) 
Nuculites  obloiigatus  Conrad 
Lioptcria  cf.  conradl  Hall 
Pteurfomaria  ( Eurpzone)  itgs  Hall 
Grcciwps  booth, i (Green) 

Ech  iiiocai'is? 


Phoioyraph  hy  Bradford  Willard 

Figure  43.  Cenlerfielcl  coral  reef  in  highway  cut,  west  side  Brod- 
head  Creek,  Monroe  County.  Bedding  nearly  horizontal;  note  honey- 
comb texture  of  rock  due  to  weathering  out  of  large  eup  corals. 


* Vitulina  was  collected  on  the  east  side  oT  Brodhead  Creek  immediately  below  beds 
with  Tully  affinities,  but  was  not  proved  to  be  in  place.  Cooper  (personal  communica- 
tion) finds  it  high  in  the  Hamilton  group  at  Port  Jervis,  N.  Y.  He  believes  it  to  be 
Portland  Point  there,  (1938). 
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The  Ltidlowville  facies  takes  iip  about  570  feet  of  the  middle 
Mahantango  formation  on  Brodhead  Creek.  The  base  is  a mass  of 
corals  in  brown,  rather  finely  sandly,  calcareous  shale,  thickly  bedded. 
The  top  cannot  be  separated  clearly  from  beds  of  Moscow  age.  Ttie 
coralline  zone  occurs  in  the  lower  part  of  the  Ludlowville  from  at 
least  as  far  east  as  Monroe  County  westward.  This  is  the  zone  which 
I.  C.  White  (228)  mistakenly  called  Tully.  Its  position,  physical 
character  and  fauna  correlate  it  with  the  Centerfield  limestone  of 
New  York  so  that  it  is  here  designated  as  the  Centerfield  coral  zone 
(252)  Figure  43.  Although  this  appellation  implies  correlation,  it 
indicates  also  that  it  is  not  a true  limestone.  It  has  been  identified 
as  far  west  as  northern  Lebanon  County  or  eastern  Dauphin  County 
and  is  probably  present  in  the  Hamilton  on  the  Susquehanna ; but 
beyond  that  river  it  has  not  been  found.  Unlike  the  Paleozoic  reefs 
described  by  Grabau  (106),  this  one  is  not  a true  limestone,  but  rather 
a shale  replete  with  corals  and  other  organisms,  many  of  them  reef- 
builders.  Its  reef  origin,  neverthless,  must  have  been  very  similar 
to  those  of  Grabau. 

The  Centerfield  coral  zone  is  by  far  the  most  fossiliferous  portion 
of  the  eastern  Hamilton  and  as  such  it  has  correlative  value.  The 
fauna  obtained  from  road  cuts  along  Brodhead  Creek  north  of 
Stroudsburg  is : 

ReceptacuUtes?  sp. 

Streptelasma  rectum  (Hall) 

Zaphrentis  proliflca  Billings 
Z.  simplex  Hall 
Z.  sp. 

Aula cophy Hum  sp. 

Craspidophyllum  archiaci  (Billings) 

Ceratopora  jacksoni  Grabau 
Syringopora  maclurei  Billings 
Favosites  hamiltoniae  Hall 
F.  clausus  Eominger 
Corals,  undet. 

Crinoid,  undet. 

Crinoidea  columnals 
Hederella?  sp. 

M onticulipora  sp. 

Fenestella  Msteriata  Hall  and  Simp- 
son 

F.  laevinodontaf  Hall 
F.  sp. 

Thamniscus  sp. 

Bryoza,  undet. 

Stropheodonta  demissa  (Conrad) 

Leptostrophia  perplana  (Conrad) 

Choiietes  mucronatus  Hall 


Productella  spinulicosta  Hall 
Balmanella  sp. 

Rliipidomella  vanuxemi  Hall 
Camarotoechia  sp. 

Tropidoleptus  carinatus  (Conrad) 
Atrypa  reticularis  (Linnaeus) 
“Spirifer”  a-ngustus  Hall 
“S.”  mucronatus  (Conrad) 

“E.”  granulosus  (Conrad) 

“S'.”  audaculus  (Conrad) 

“S.”  sculptilis  Hall 
“S'.”  divaricatus  Hall 
Elyth.a  flmkriata  (Conrad) 

Vitulina  pustulosa  Hall 
Athyris  spiriferoides  (Eaton) 
Brachiopod,  undet. 

Aviculopecten  sp. 

Modiomorplia  concentrica  (Conrad) 
Glyptodesma  erectum  (Conrad) 
Actinopteria  sp. 

Turbo  sp. 

Greenops  boothi  (Green) 

Phacops  raiia  (Green) 

P.  sp. 

Plantae,  fragments 


The  remaining  beds  of  Ludlowville  age  above  the  coral  reef  are, 
in  the  east,  a succession  of  medium-grained  to  coarse,  dark  gray  sand- 
stones and  interbedded  shale.  Some  180  feet  above  the  reef  is  a 
prominent  storm-roller  zone.  This  feature  has  been  recognized  for 
many  miles  westward  from  Monroe  County  and  with  the  coral  zone 
is  useful  for  correlation  in  the  field.  Fossils  are  abundant  in  the 
Ludlowville  above  the  reef,  though  not  so  common  as  in  that  zone. 
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In  the  Schuylkill  Valley  in  the  vicinity  of  Auburn  and  near  Deer 
Lake,  a composite  Ludlowville  fauna  rich  in  pelecypods  includes : 


Aulopora  sp. 

Corals,  indet. 

Aiicyrocrinus  biilbosus  Hall 
Crinoidea,  columnals 
Bryozoa,  indet. 

Discinaf 

Leptostrophia  perplana  (Conrad) 
Stroplieodotita  sp. 

Chonetes  coronatus  (Conrad) 

C.  scitulus  Hall 
C.  lepidus  Hall 
Dalmanella  cf.  lenticularis 
( Vanuxem) 

LiorhyncUus  sp. 

Tropidoleptus  carinatus  (Conrad) 
"Spirifer”  mncronatus  (Conrad) 
“S.”  acuminatus  (Conrad) 

“S.”  audaculus  (Conrad) 

“S.”  cf.  audaculus  (Conrad) 
Orthonota  undulata  (Conrad) 
Grammy sia  arcuata  (Conrad) 

G.  cf.  arcuata  (Conrad) 

G.  magna  Hall 
G.  cf.  nodocosta  Hall 
G.  sp. 

Nucula  bellistriata  (Conrad) 

N.  cf.  bellistriata  (Conrad) 

N.  lirata  (Conrad) 

N.  corbuliformis  Hall 
Nuculites  triqueter  Conrad 
A',  oblongatus  Conrad 
N.  sp. 

Palaeoneilo  fecunda  Hall 
P.  emarginata  (Conrad) 


P.  cf.  maxima  (Conrad) 

P.  constricta  (Conrad) 

P.  sp. 

Megambonia  sp. 

Pterinopecten  sp. 

Mytilarca  (Plethomytilus)  oviformis 
(Conrad) 

Modiomorplia  constricta  (Conrad) 

M.  cf.  constricta  (Conrad) 

Goniophora  rugosa  (?)  (Conrad) 

G.  hamiltonensis  Hall 
G.  sp. 

Cypricardell-a  tenulstriata  Hall 
Paracyclas  elliptica  Hall 
Schizodus  sp. 

Pelecypoda,  indet. 

Pleurotomaria? 

Belleroplion  (Bucanopsis ) Icda  Hall 
B.  cf.  leda  Hall 
B.  sp. 

Hormotoma  (Murcliisonia)  n.  sp. 
Loxonema  cf.  bellona  Hall 
Platyceras  (Orthonychia)  conicum 
Hall 

Coleolus  cf.  tenuicinctus  Hall 
Gastropod,  indet. 

Ortlioceras  subulatum  Hall 
0.  cf.  exile  (Hall) 

O.  constrictum  ^'annxem 
0.  sp. 

Spyroceras  crotalnm  (Hall) 

Bactrites  cf.  acictilum  Hall 
Ilomolonotus  dekayi  (Green) 

Trilobite,  indet. 


Beds  of  Skaneateles  age  occupy  about  500  feet  of  the  lower  Mahan- 
tango  north  of  Stroudsburg  in  Monroe  County.  Dark  gray  to  nearh- 
black  sandstone  makes  up  its  lowest  beds  tvhich  are  transitional  with 
the  Marcellus.  Above  them  comes  in  fine,  dark  gray,  shaly  sand- 
stone. A zone  of  Phacops  was  found  140  feet  above  the  loAvest  beds 
assignable  on  paleontologic  data  to  the  Mahantango,  but  organisms 
are  seldom  plentiful.  In  the  upper  part  north  of  Stroudsburg  \ATre 
found : 


Zaphrentis  cf.  simplex  Hall 
Aulopora  sp. 

Ceratopora  cf.  jacksoni  Grabau 
Crinoidea,  columnals 
Fenestella  sp. 

Leptostrophia  perplana  (Conrad) 
Chonetes  sp. 

Camarotoechia  cf.  proliflca  Hall 


‘"Spirifer"  mucronatus  (Conrad) 
“S.”  sp. 

Ambocoelia  umbonata  (Conrad) 
Athyris  spiriferoides  (Eaton) 
Nucula  bellistriata  (Conrad) 
Pterinea  flabellum  (Conrad) 
Platyceras  auriculatum  Hall 
Phacops  sp. 


In  Monroe  County  and  likewise  on  the  Lehigh  in  Carbon  County, 
the  Berwyn  and  Delphi  members  of  the  New  York  Skaneateles  seem 
to  be  present;  on  the  Schuylkill  they  were  quite  certainly  identified. 
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There,  the  475-500  feet  of  Skaneateles  is  split  into  three,  perhaps 
four  members.  The  highest  50  feet  of  dark  gray,  fine,  shaly  sand- 
stone carries  in  its  base : 


Crinoidea,  ooliimnals 
P.ryozna,  indet. 

Lcptofitr<>i)hia  perjilana  (Conrad) 
Chouetcs  cf.  coroiiatns  (Conrad) 

G.  sc  it  Kills  Conrad 
Giiniii rotoechia  prolifica  Tlnll 
Tropiilolrptiis  ciiriiiafiis  (Conrad) 
"t^iiirifrr"  iii  iicroiiatiis  (Conrad) 
ViliiVnia  past iilosii  Hall 


Rrachiopod,  indet. 

Ortlioiiotii  iiiiiliihitd  Conrad 
Nil  cilia  sp. 

Niiciilifes  Ohio  n gat  us  Conrad 
BcUcrophon  sp. 

Orlhoceras  sp. 

Hoiiialoiiotiis  (Icl'inji  (Green) 
Taoiiunis  sp. 


Tlie  ViUdnia  pusiHlosa  is  common  and  is  believed  to  delimit  the 
base  of  the  thin  upper  member,  the  Berwyn,  separating  it  from  some 
o50  feet  of  dark  shale  and  sandy  beds  below,  which  snggeist  the  Delphi. 
Near  the  base  of  this  member  is  60  feet  of  light  gray,  medium  coarse, 
buff-  or  brown-weathering,  partly  cross-bedded,  flaggy  sandstone. 
It  carries  a meager  fannule  at  the  Schuylkill;  and  is  correlated  with 
the  Fort  Hunter  sandstone  of  more  western  sections.  It  carries: 

Stvophcodouta  demissa  (Conrad) 

(S',  n.  sp. 

Schiichertella  rariahilis  Prosser 
Choiictcs  cf.  setiger  (Mall) 

G.  Icpidiis  Hall 

“Spirifcr”  iii  iicroiiat  us  (Conrad) 

N pass  a ? 

Buchiola? 


The  Moffvillc  has  been  reported  (Willard  and  Cleaves,  257)  in  the 
Ijehigh  Valley  at  the  base  of  the  Skaneateles  as  a shale  in  whose 
midst  is  a lentil  of  crinoidal  limestone.  Its  identification  is  doubtful. 

Continuing  westward,  at  the  Susquehanna  Valley,  the  several  facies 
of  the  Mahantango  of  eastern  Pennsylvania  are  no  longer  so  clearly 
defined;  but,  upon  paleontologic  evidence,  it  is  .still  possible  to  deter- 
mine their  approximate  limits,  though  corroborative  lithologic  detail 
is  lacking.  At  Kockville  on  the  Susquehanna  the  Hamilton  section 
is  seen  in  a series  of  quarries  which  commence  in  the  Marcellus  and 
run  up  well  into  beds  of  Ludlowville  age.  Complementary  d.ata 
obtained  across  the  river  in  an  abandoned  quarr}^  and  in  numerous 
cuts  fill  in  the  section  and  show  the  concealed  uppermost  Mahantango 
to  be  soft,  gra.y,  brown-weathering  shale.  The  remainder  of  the  sec- 
tion is  composed  almost  entirely  of  coarse  sandstone  and  some  con- 
glomerate containing  white  (piartz  ])ebbles  as  much  as  2 inches  in 
diameter.  The  beds  are  dark  to  light  gray,  brown-weathering, 
usually  fossiliferous,  particularly  in  the  higher  part.  This  thick  sand- 
.stone  is  the  Montebello  inember  or  facies  which  dominates  the  Hamil- 
ton over  much  of  the  lower  Sus(|uehanna  and  Juniata  Valleys.  The 
base  of  the  Montebello  sainistone  at  Kockville  grows  finer,  shalier, 
but  contains  the  Fort  Hunter  member  (type  locality),  here  a very 
hard,  dark  gray,  rusty-weathering  sandstone,  five  or  six  feet  thick, 
exposed  in  the  southernmost  quarry.  Its  meager  fauna  is  dominated 
by  many  Lepfostrophia-  perplana  valves. 
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Photograph  bg  George  II.  Ashley 

Figure  44.  Montebello  sandstone  beds  standing  approximately  ver- 
tieal,  northernmost  quarry,  Roekville,  Dauphin  County. 


Photograph  by  Bradford  Willard 


Figure  4o.  Conglomerate  in  the  Montebello  sandstone,  northernmost 
(piarrv,  Rockville.  Dauphin  Comity. 
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Fort  Hunter  faunule 

Leptostrophia  perplana  (Conrad)  Tropidoleptus  carinatus  (Conrad) 

Rhipidomella  sp.  Chonetes  coronatus  (Conrad) 

' "Spirifer"  granulosus  (Conrad) 

Where  the  basal  Hamilton  passes  over  into  the  !Marcellus  shale, 
Toanurus  may  be  common.  The  section  at  Eoekville  exposes  about 
865  feet  of  bedis  vphich  are  nearly  equally  divided  below  the  concealed 
topmost  shale  between  those  with  Ludlowville  and  those  with  Skan- 
eateles  affinities.  The  Ludlo^wville-Skaneatelies  separation  is  based 
upon  faunal  data.  Vague  links  to  the  Colgate  imemlber  of  New  York 
have  been  recognized  here.  The  faunules  at  Rockville,  first  published 
by  Willard  and  Cleaves  (257),  were  later  revised  by  Willard  (242)  as 
follows : 

Moscow  facies.  Not  exposed  at  Eoekville.  Across  the  river  it  carries  a 
distinctive  faunule  including  Anihocoelia  umbonata  and 
Vitulina  pustulosa  overlain  by  Tullj^  shale. 

Ludlowville  facies 

Corals,  undet. 

Crinoidea,  columnals 
Hederella  sp. 

Fenestella  sp. 

Bryozoa  undet. 

Leptostrophia  perplana  (Conrad) 

Stropheodonta  inequistriata 
(Conrad) 

Schuchertella  variabiUs  Prosser 
Chonetes  mucronatus  Hall 
C.  coronatus  (Conrad) 

ProducteUa  spmulicosta  Hall 
Rhipidomella  leucosia  Hall 
Camarotoechia  congregata  (Con- 
rad) 

C.  prolifica  Hall 
C.  cf.  proliflea  Hall 
Tropidoleptus  carinatus  (Conrad) 

Atrgpa  reticularis  (Linnaeus) 

Neivberria  sp.  nov. 

‘"Spirife)'”  mucronatus  (Conrad) 

Skaneateles  facies 

Zaplirentis  proliflea  (?)  Billings 
Crinoidea,  columnals 
Bryozoa,  undet. 

Chonetes  coronatus  (Conrad) 

Rhipidomella  vanuxemi  Hall 
R.  sp. 

Camarotoechia  proliflea  Hall 
Tropidoleptus  carinatus  (Conrad) 

Atrgpa  reticularis  (Linnaeus) 

At  Barnetts  Mill  southeast  of  New  Bloomfield  in  Perry  County,  a 
truly  remarkable  faunal  assembly  was  obtained  from  shale  at  the  top 
of  the  Mahantango  formation  immediately  under  the  Tully : 

Zaphrentis  sp.  Fenestella  emaciata  Hall 

Aulopora  sp.  Cystodictya  (Stictopora)  cf.  incisu- 

Ceratopora  jaclcsoni  Grabau  rata  Hall 

Megistocrinus  sp.  Pholidops  cf.  areolata  (Hall) 

Crinoidea,  columnals  P.  hamiltoniae  Hall 


“S.”  granulosus  (Conrad) 

“S.”  angustus  Hall 
“S.”  cf.  angustus  Hall 
“E.”  sculptilis  Hall 
“S.”  audaculus  (Conrad) 

Vitulina  pustulosa  Hall 
Athyris  spiriferoides  (Eaton) 
Nuculites  oblongatus  Conrad 
N.  sp. 

Ptermea  flabellum  (Conrad) 
Aviculopecten  cf.  princeps  (Conrad) 
A.  faciculatus  Hall 

Pleurotomaria  sulcomarginata  Con- 
rad 
P.  sp. 

Gastropod,  indet. 

Trilobite,  indet. 

Elymacaris  sp.  nov. 

Taomirus  sp. 

Plant  fragments. 


“Splrifer"  granulosus  (Conrad) 
“<S.”  audaculas  (Conrad) 
Paracyclas  Virata  (Conrad) 
Bellerophon  sp. 

Tentaculites  bellulus  Hall 
Orthoceras  sp. 

Bactrites  acicultim  Hall 
Plantae,  undet. 
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StropJieodonta  (Douvillina) 
inequistriata  (Conrad) 

8.  concava  Hall 

Leptaena  rhomb otdalis  (Wilckens) 
Chonetes  cf.  mucronatus  Hall 
G.  lepidus  Hall 
C.  cf.  vicinus  (Castelnau) 

G.  coroimtus  (Conrad) 

G.  scitulus  Hall 
Strophalosi-a  truncata  Hall 
Productella  splnuUcosta  Hall 
Rhipidomella  vanuxemi  Hall 
Dalmanella  cf.  lenticularis 
(Vanuxem) 

Gamarotoechia  congregata  (Conrad) 
Tropidoleptus  car  mat  us  (Conrad) 
Atrijpa  reticularis  (Linnaeus) 
Gyrtma  hamiltonensis  Hall 
"Spirifer”  mucronatus  (Conrad) 
“S.”  of.  granulosus  (Conrad) 

“8.”  sculptilis  Hall 

“S.”  tullius  Hall 

Elytha  flmbriata  (Conrad) 

Ambocoelia  praeumbona  Hall 

A.  umbonata  Conrad 

Necleospira  concinna  Hall 

Anoplotheca  cf.  Camilla  (Hall) 

Vitulina  pustulosa  Hall 

8olemya  (Janeia)  vestusa  (?)  Meek 

Nucula  bellistriata  (Conrad) 

Nuculites  oblongatus  Conrad 

N.  cf.  triqueter  Conrad 

N.  sp. 

Palaeoneilo  fecunda  Hall 


P.  clarkei  Prosser 
P.  constricta  Conrad 
P.  plana  Hall 
P.  emarginata  (Conrad) 

P.  cf.  tenuistriata  Hall 
Avlculopecten  ornatus  Hall 
Modiomorpha  sp. 

Gypricardella  bellistriata  (Conrad) 
Gypricardinia  indenta  (Conrad) 
Pleurotomaria  (Bembexia) 
sulcomarginata  Conrad 
P.  (Gyrotna)  capillaria  Conrad 
P.  (Trepospira)  rotalia  Hall 
Platyceras  cf.  erectum  Hall 
Loxonema  hamiltoniae  Hall 
Bellerophon  (Bucanopsis)  leda  Hall 
Gyrtolites  (Gyrtonella)  mitella  Hall 
Diaphorostoma  lineatum  (Conrad) 
Eyolithes  aclis  Hall 
8tyliolina  flssurella  Hall 
Ortlioceras  subulatum  Hall 
0.  cf.  subulatum  Hall 
0.  aulax  Hall 
8pyrooce'ras  nuntium  Hall 
8.  cf.  nuntium  Hall 
Proetus  rowi  (Green) 

Phacops  rana  (Green) 

Greenops  boothi  (Green) 

G.  sp. 

8chizodiscus  antecrenulus  Cleaves 
Esteria  (?) 

Ostracoda,  sp.  undet. 

Spore  cases  ? 


It  IS  in  this  neighborhood  that  the  upper  part  of  the  beds  of  Ludlow- 
ville  age  contains  what  may  be  the  equivalent  of  the  Deep  Run  shale 
of  New  York.  This  correlation  is  based  not  only  upon  stratigraphic 
position,  but  upon  the  abundance  of  large  Tropidoleptus  carinatus. 
The  fauna  collected  from  the  dark  shale  on  Board  Run.  northeastern 


Perry  County  is : 

Crinoidea,  columnals 
Bryozoa,  indet. 

Orbiculoidea,  sp. 

Ghonetes  coronatus  (Conrad) 

G.  scitulus  Hall 

G.  cf.  vicinus  (Castelnau) 

G.  lepidus  Hall 
Productella  dumosa  Hall 
Rhipidomella  leucosia  Hall 
R.  vanuxemi  Hall 
Tropidoleptus  carmatus  (Conrad) 
“8pirifer'”  mucronatus  (Conrad) 
“S.”  angustus  Hall 
“S'.”  audaculus  Conrad 
Orthonota  undulata  Conrad 
Grammysia  arcuata  (Conrad) 


Nucula  bellistriata  (Conrad) 
Nuculites  oblongatus  Conrad 
Leptodesma  rogersi  Hall 
Pterinopecten  undosus  Hall 
Modiomorpha  concent rica  (Conrad) 
Pleurotomaria  (Bembexia)  cf.  sulco- 
marginata Conrad 
P.  (Gyroma)  capillaria  Conrad 
Bellerophon  (Bucanopsis)  leda  Hall 
Tentaculites  bellulus  Hall 
Ortlioceras  sp. 

Bactrites  sp. 

Homalonotus  dekayi  (Green) 
Phacops  cf.  rana  (Green) 

Greenops  boothi  (Green) 


Tracing  the  Hamilton  group  through  the  Susquehanna  and  Juniata 
valleys,  the  massive  Montebello  sandstone  noted  at  Rockville  dies  out 
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and  is  totally  displaced  by  rocks  of  entirely  different  lithology,  domi- 
nantly shale,  indivisible  into  component  fonnations  and  members  save 
on  faunal  aspect.  I described  this  type  and  named  it  the  Mahan- 
tango  fonnation  (242)  and  have  already  quoted  my  original  de- 
scription, Chapter  IV.  The  criteria  which  I deduced  for  separating 
the  Mahantango  roughly  into  parts  equivalent  to  the  Moscow,  Lud- 
lowville  and  Skaneateles  formations  of  New  York  and  which  I pub- 
lished during  my  studies  of  the  Hamilton  group  in  Pennsylvania  are 
as  follows  (242,  pp.  211-213) 


The  Skaneateles  faunal  facies  may  be  recognized  commonly  by  the  asso- 
ciation in  the  lower  Mahantango  of  many  examples  of  Adolfia  audantla 
and  Plciirotomaria  sulconiargiiiata,  often  in  whole  beds  to  the  exclusion  of 
most  odier  forms.  »s’p/r//tr  (/raiuilosiis  is  conmionly  present,  as  ,s,  also 
Tr()i>'(Iol(  jitiis  ciiri  iKit  i(S.  The  Adoljia  and  the  P'lCKroioniaria  tend  to 
recur  at  higher  levels,  where  considerable  thicknesses  of  sandstone  are  de- 
veloped. Perhaps  the  Skaneateles  fauna  can  best  be  defined  negatively  by 
saying  it  is  deficient  in  pelecypods,  most  gastropods,  and  arthropods,  and 
is,  thereby,  set  off  from  the  overlying  Ludlowville  facies.  Where  the  Monte- 
bello sandstone  is  present,  its  base  is  commonly  coincident  with  the  earliest 
Skaneateles  fossils. 

The  lower  third  of  the  Mahantango  formation  in  the  easternmost  sec- 
tions approximates  the  lithology  of  the  Skaneateles  of  eastern  Pennsyl- 
vania in  that  it  is  dark  gray,  brown-weathering,  sandy  shale,  but  it  is 
practically  barren.  Where  recognized  throughout  Northumberland,  Peri-y, 
Dauphin,  Snyder  and  Juniata  counties,  the  beds  which  carry  the  Skaneateles 
fauna  occupy,  roughly,  the  lower  third  of  the  Mahantango  formation,  which 

in  this  region  is  dominated  by  the  Montebello  sandstone  jihase, 

In  Huntingdon  County'  the  Skaneateles  faunal  facies  ap])ears 

in  dark  shale  or  gnarly  sandstone.  It  has  not  been  found  in  northern 
Fulton  County,  either  because  the  beds  which  should  carry  it  are  con- 
cealed. or  because,  in  the  region  of  Knobsville  and  Hustontown  

non-marine  beds  constitute  practically  the  entire  IMahantango.  It  is  found 
in  doubtfully  separable  beds  in  southern  Fulton  County,  where  the  lithology 
varies  from  gnarly  sandstone  to  dark  shale,  although  sandy  beds  are  per- 
haps a tritie  more  common  than  in  higher  parts  of  the  sections. 

I’he  middle  portion  of  the  Mahantango  formation  contains  f(jssils  assign- 
able to  the  Ludlowv'ille  faunal  facies.  Usually,  the  beds  which  carry  these 
organisms  are  a little  less  sandy  than  those  which  are  of  Skaneateles  age, 
except  in  those  sections  wdiere  the  Montebello  sandstone  phase  of  the 
Mahantango  dominates.  In  most  of  the  sections  the  Ludlowville  fossils  are 
found  in  alternating,  finely  sandy  shale  and  gray  sandstones,  wdiich  may 
become  so  flaggy,  or  even  submassive  in  a few  instances,  as  to  produce 
.small  ridges.  These  sandstones,  particularly  w^ell  developed  in  Fulton  and 
Huntingdon  counties,  carry  recurrent  Skaneateles  species  mingled  wdth  the 
Ludlowville  organisms.  Generally,  the  LudloAvville  fossils  range  through 
between  one-half  and  two-thirds  of  the  entire  Mahantango  formation.  In 
Perry  and  Dauphin  counties  the  upper  half  of  the  Montebello  sandstone 
phase  is  Ludlowville  in  age,  and  distinctive  faunal  assemblages  persist 
there  just  as  Skaneateles  faunules  occur  in  the  lower  half. 

The  Ludlowville  facies  is  characterized  by  occasional  bryzoan  beds, 
abundance  of  Leptostrophia  perplana,  Schuchertella  imriahilis,  and  several 
species  of  Cho)ictc.9,  Spirifer,  and  Canwrotoeclra.  Large  numbers  of 
pelecypods  and  gastropods,  usually  wdth  a sprinkling-  of  trilobites  plus  or 
minus  other  arthropods,  are  found.  Taonurus  sp.  is  universally  present. 
Vitulina  pustulosa  is  quite  common,  as  is,  also,  RhipidomelJa  leucoski. 
Tropidolcptiis  carhiat'us  (large  and  small  varieties),  a large  variety  of 
Chonctes  coronalus,  and  iipirifer  sculptUis  occur  and  recur  in  zones 
throughout  the  succession.  Except  for  Liorhynchus  limitare,  most  common 
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in  the  Marcellus  and  rare  in  the  Ludlowv’ll",  all  species  of  this  genus  so  far 
found  have  been  associated  with  Ludlowv  lle  faunules.  Briefly,  the  pres- 
ence of  beds  of  bryozoa,  many  examples  of  Leptostrophia,  Chonetes,  Cnniuro- 
tocchia,  Spirifer,  and  abundant  pelecypods  and  gastropods  may  be  taken  to 
indicate  Ludlowville  age. 

Beds  of  Moscow  age  have  been  recognized  near  the  tops  of  several 
sections,  but  at  most  they  are  probably  seldom  more  than  50  to  75 
feet  thick,  and  their  lithology  is  like  the  underlying  Ludlowville  strata. 
Vitulina  pustulosa  is  abundant  in  the  Ludlowville  faunas,  where  it  may 
constitute  a fairly  definite  zone.  It  recurs  near  the  top  of  the  Mahantango 
formation.  Where  it  and  associated  fossils  are  found  above  the  Ludlow- 
ville facies,  it  is  assumed  that  the  beds  are  of  Moscow  age.  In  addition  to 
Vitidina,  these  strata  carry  much  the  same  ass'^'mblage  as  the  Ludlowville, 
but  with  an  important  distinction.  Where  the  Ludlowwille  is  characteriz.ed 
bj’  the  presence  or  abundance  of  certain  genera,  as  Clioiirtes  (several  s))e- 
cies),  pelecypods,  gastropods,  arthropods,  and  others,  the  Moscow  faunules 
carry  only  a few  of  each  of  these.  For  example,  the  number  of  pelecypods 
from  the  Ludlowville  faunules  s seven  times  as  great  as  from  the  Moscow, 
and  gastropods  are  twelve  times  as  plentiful.  Plciirotomaria  sulcomargino- 
ta  and  Spirifer  aiidacuhis  are  found  rarely  in  the  Moscow  jjortimi  of  the 
Mahantango  formation,  probably  only  as  sandstone  facies  recurrents. 

As  with  the  Skaneateles  and  the  Ludlow'ville,  the  Moscow  facies  becomes 
more  obscure  in  the  southwestern  sections.  It  is  best  developed  east  of 
the  Juniata  River,  is  eroded  across  most  of  Juniata  and  Huntingdon  coun- 
ties, and  re-appears  in  Fulton  County,  but  there  is  so  mingled  with  the 
Ludlowville  that  it  is  next  to  impossible  to  separate  the  two  facies  with 
any  degree  of  certainty. 


TABLE  XXIII. — Hamilton  fos^HiU  from  lltc  Mahantango  formation 

Xaiue 

DlsmiBl'TioNt 

Skaneateles 

Ludlowville 

Moscow 

St reptda-ima  rectum  Hall 

V.r. 

Zaphrentift  prolifica  Billings 

V.r. 

i 

7j.  nimplcj'  Hall 

p 

V.r. 

Chaetetes  sp. 

v.r. 

i 

I'lcurodict gam  S]).  nov. 

p 

V.r. 

llcderella  sj). 

Fcnentclla  sp. 

P 

r 

Lichenalia  s]j. 

P 

V.r. 

Diamespora  cf.  const ricta  Hall 

V.r. 

Brycjzoa,  undet. 

1* 

a 

c 

Lingula  ligea  Hall 

V.r. 

Y a = abundant,  c = common,  p =;  pi'esent,  r = rare,  v.r.  = very  rare. 
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Hamilton  fossils  from  the  Mahantango  fortnation — Continued 


Name 

DlSTRIBUTIONf 

Skaneateles 

Ludlowville 

Moscow 

Leptostrophia  perplana  (Conrad) 

P 

a 

P 

L.  interstrialis  (Vanuxem) 

V.r. 

Stropheodonta  deniissa  (Conrad) 

p 

r 

aS'.  inequistriata  (Conrad) 

p 

Schuchertella  variahilis  Prosser 

c 

p 

Chonetes  nmcronatus  Hall 

r 

a 

C.  coronatus  (Conrad) 

p 

a 

p 

C.  scitiilus  Hall 

a 

v.r. 

C.  setiger  (Hall) 

c 

p 

C.  lepidus  Hall 

c 

v.r. 

C.  vicinus  (Castlenau) 

a 

r 

C.  marylandicus  Prosser 

v.r. 

p 

v.r. 

Strophalosia  truncata  (Hall) 

v.r. 

Productella  spinulicosta  Hall 

p 

v.r. 

Dalmanella  lenticularis  (Van- 
uxem ) 

r 

Rhipidomella  vanuxemi  Hall 

r 

v.r. 

R.  leucosia  Hall 

c 

p 

R.  penelope  Hall 

p 

r 

Schizophoria  striatula  (Sclilot- 
heim) 

r 

Carnarotoechia  congregata  (Con- 
rad ) 

r 

c 

C.  prolifica  Hall 

p 

c 

v.r. 

C.  sappho  Hall 

v.r. 

Liorhynchus  limitare  (Vanuxem) 

v.r. 

L.  laura  (Billings) 

v.r. 

L.  mesacostale  Hall 

v.r. 

t a = abundant,  c = common,  p = present,  r = rare,  v.r.  = very  rare. 
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Hamilton  fossils  from  the  Mahantango  formation — Continued 


Name 

Distribution! 

Skaneateles 

Ludlovt'ville 

Moscow 

L.  multicostum  Hall 

V.r. 

Eunella  lincklaeni  Hall 

V.r. 

Tropidoleptus  carinatus  (Conrad) 

c 

a 

P 

Atrypa  recticularis  (Linnaeus) 

v.r. 

c 

P 

Newherria  sp.  nov. 

v.r. 

v.r. 

Cyrtina  hamiltonensis  Hall 

v.r. 

r 

r 

“Spirifer”  mucronatus  (Conrad) 

c 

a 

c 

“S.”  granulosus  (Conrad) 

a 

p 

“/S'.”  acuminatus  (Conrad) 

v.r. 

r 

v.r. 

“/S'.”  tullius  Hall 

r 

r 

“S."  angxistus  Hall 

r 

v.r. 

“/S.”  sculptilis  Hall 

a 

v.r. 

“/S'.”  audaculus  (Conrad) 

a 

a* 

p* 

Elytha  fimhriata  (Conrad) 

r 

r 

Amhocoelia  umbonata  (Conrad) 

c 

V.1-. 

A.  praeumbona  Hall 

v.r. 

r 

Nucleospira  concinna  Hall 

v.r. 

Vitulina  pustulosa  Hall 

a 

a 

Athyris  spiriferoides  (Eaton) 

v.r. 

r 

r 

Meristella  nasuta  (Conrad) 

v.r. 

Prothyris  lanceolata  Hall 

v.r. 

Ortlionota  undulata  Conrad 

0 

0.  parvula  Hall 

v.r. 

Orammysia  arcuata  (Conrad) 

c 

v.r. 

t a = abundant,  c = common,  p = present,  r rare,  v.r.  very  rare. 
* Recurrent  In  sandstone  facies. 
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Hamilton  fossils  from  the  Mahantanno  formation — Continued 


Xamio 

DlSTRIBTTTIOlMt 

Skaneateles 

Ludlowvills 

^[oscow 

(1.  rirriilaris  Hall 

v.r. 

TclIiiioi)sis  siibcmarf/inata  (Con- 
rad ) 

r 

\iiciila  vorhnliformis  H;iH 

(* 

■V.  hcllistriaia  (Cotirad) 

V.r. 

a 

v.r 

A.  iiraia  (Conrad) 

v.r. 

,V.  raricosa  Hall 

r 

.V.  rundnUi  Hall 

r 

Xiicalitcs  olilon f/tit as  Conrad 

p 

•V.  ra  nr  if  arm  is  Conrad 

v.r. 

■V.  trif/iietcr  Conrad 

c 

1' 

Palaeoncilo  plana  Hall 

v.r. 

r 

P.  emart/inala  (Conrad) 

p 

v.r. 

/’.  ten  nistriata  Hall 

v.r. 

v.r. 

Peda  dircrsa  Hall 

r 

v.r. 

L.  rostrllala  (Conrad) 

\’ . r . 

Ptrrinea  flahcllnm  (Conrad) 

v.r. 

p 

Leptodesma  rof/ersi  Hall 

p 

\.y. 

\ 1-1  i nopi rria  hopdi  (Conrad) 

v.r. 

Xi/assa  of.  rrrla  Hall 

\'.r. 

Avicnlopcrtcn  prinrrps  (Conrad) 

r 

.1.  e.ractiis  Hall 

v.r. 

A.  farirnlal  ns  Hall 

v.r. 

Li/rioprrten  interradial as  ('?)  Hall 

V.  1*. 

Modiomorpha  roncentrica  (Clon- 
rad  ) 

r 

\ .r. 

.)/.  sahalata  (Conrad) 

\‘ . r* , 

t a abundant,  c — common,  p = present,  r = rare,  v.r.  = very  rare. 
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Hamilton  fossils  from  the  Maliantango  formation — Continued 


Name 

DlSTUIBUTIONf 

Skaneateles 

Lndlowville 

Moscow 

M.  mutilokles  (Conrad) 

V.r. 

V.r. 

V.r. 

Goniophora  hamiltonensis  Hall 

v.r. 

Cypricardclla  hellistriata  (Con- 
: rad) 

p 

v.r. 

Cjjpricardinia,  indenta  (Conrad) 

r 

Paraci/clas  lirata  (Conrad) 

v.r. 

V 

1 l''leurotoniuriu  sulcomarginata 
\ (Conrad) 

a 

c* 

%M-,* 

P.  capillaria  Conrad 

1 

V.r. 

Bellerophon  leda  Hall 

c 

B.  patulus  Hall 

p 

B.  crenistria  Hall 

r 

Cgrtolites  mitella  Hall 

1 

p 

Macrochilus  hamiltoniae  Hall 

v.r. 

Loxonema  hamiltoniae  Hall 

v.r. 

c 

Platyceras  erection  Hall 

v.r. 

r 

Platyostoma  euomphaloides  Con- 
rad 

v.r. 

Styliolina  flssvrella  (Hall) 

v.r. 

Tentneulites  hellnlus  Hall 

c 

a 

P 

Coleolus  tenidcinctus  Hall 

p 

Orthoceras  sutinlatum  Hall 

v.r. 

0.  constriction  Vanuxein 

v.r. 

r 

0.  telamon  Hall 

1 

Gomphoccras  pingiie  Hall 

v.r. 

1 

1 

’ Baefrite.s  arictflHiii  (liall) 

i 

1 v.r. 

v.r. 

i 

V.r. 

t a = abundant,  c common,  p = present,  r = rare,  v.r.  = very  rare. 

* Recurrent  in  sandstone  facies. 
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Hamilton  fossils  from  the  Mahantango  formation — Continued 


Name 

DiSTEIBUTIONt 

Skaneateles 

Ludlowville 

Moscow 

Agoniafites  expansus  (Vanuxem) 

r 

Homalonotus  dekayi  (Green) 

r 

c 

V.r. 

Phacops  ran  a (Green) 

c 

r 

Greenops  hoothi  (Green) 

v.r. 

c 

r 

Ostracoda,  undet. 

r 

Echinoca.ris  punctata  (Hall) 

v.r. 

E.  sp.  nov. 

r 

Tropidocaris  sp.  nov. 

v.r. 

Phyllocarida,  undet. 

v.r. 

p 

Ostracoderm  plates,  undet. 

v.r. 

v.r. 

Taouurus  sp. 

■ a 

p 

Plantae  (land  plants) 

r 

c 

v.r. 

Fucoids 

v.r. 

v.r. 

t a = abundant,  c ~ common,  p=  present,  r = rare,  v.r.=  very  rare. 


To  complete  the  picture  of  the  Hamilton  group  in  Pennsylvania^ 
save  for  details  of  the  Montebello  and  related  Marcellus  sandstones, 
reserved  for  especial  treatment  subsequently,  we  must  turn  now  to 
the  region  of  the  Allegheny  Front  which  from  central  Pennsylvania 
sweeps  in  a long  curve  southwest  and  south  into  Maryland  by  way  of 
Bedford  County.  The  Hamilton  group  in  this  section  is  made  up  of 
the  Mahantango  and  Marcellus  formations  as  in  central  Pennsylvania, 
but  there  are  lithie  variations  and  faunal  anomalies  that  deserve 
notice.  These  can  be  transcribed  almost  unaltered  from  my  previous 
conclusions  on  the  Middle  Devonian  of  this  region  (246). 

The  prominent  escarpment,  designated  the  Allegheny  Front,  enters 
the  State  from  Maryland  through  Somerset  and  Bedford  Counties  and 
trends  north  and  northeast  to  and  across  Lycoming  County  where  it 
fast  loses  its  definition.  In  front  of  this  escarpment,  and  parallel  or 
concentric  to  it,  runs  the  Devonian,  with  a few  isolated  outliers  east 
of  the  principal  band.  (See  figures  6,  37.)  The  Hamilton  is 
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mostly  valley-forming  shale,  but  occasional  sandstones  produce  minor 
ridges.  Because  of  the  weak  character  of  the  Middle  Devonian 
throughout  the  region  bordering  the  “Front,”  because  of  the  lack 
of  folding,  and  because  of  glacial  drift  and  outwash  in  the  northern 
sections,  exposures  are  usually  inferior. 

All  along  the  Allegheny  Front  the  upper  Hamilton  is  assignable 
to  the  Mahantango  formation,  although  the  entire  sequence  as  recog- 
nized in  central  Pennsylvania  may  not  be  present.  Thus,  in  the 
northwestern  sections,  the  Moscow,  Ludlowville  and  Skaneateles 
faunal  facies  are  known,  but  these  are  less  obvious  toward  the  south. 
In  Bedford  County  lithic  subdivisions  have  been  distinguished.  The 
Mahantango  formation  pro'bably  has  an  average  thickness  of  1,000 
feet.  Exact  measurements  are  usually  unobtainable  because  of  poor 
seotions.  It  attains  its  maximum  of  1,300  to  1,400  feet  in  the  south. 
In  general  the  Mahantango  is  composed  of  dark  gray,  often  sandy 
shale  and  fine,  platy,  brown-weathering  sandstones.  Some  thin  lime- 
stones or  eoquinites  have  been  found  (Figure  39)  and  also  an  occa- 
sional black  shale  of  Mareellus  type  with  recurrent  Marcellus  fossils. 
The  formation  generally  weathers  to  chips  and  slivers  in  characteristic 
Mahantango  Sityle.  Mahantango  facies  fossils  are  plentiful,  chiefly 
in  the  middle  part.  These  and  lack  of  any  large  proportion  of  fissile, 
black  shale  set  the  formation  off  from  the  Marcellus.  Throughout 
the  region  of  the  “Front”  the  Mahantango  rests  conformably  on  the 
Mareellus  and  is  nearly  always  followed  by  Tully  limestone. 

In  Bedford  County  the  Mahantango  formation  is  subdivided : 

Feet 


c.  Upper  shale  member*  343 

b.  Middle  sandstone  member  183 

a.  Lower  shale  member  850 


The  upper  shale  unit  is  olive  or  gray,  sandy  shale  with  thin  sand- 
stones, and  limestone  lenses  locally  developed.  Fossils  are  commonly 
abundant.  The  median  sandstone  crops  out  in  full  at  Chaneysville, 
a village  in  southern  Bedford  County.  It  is  a hard,  olive-gray, 
brown-weathering,  massive  to  plasty  sandstone  with  plenty  of  fossils 
from  this  locality.  It  is  entirely  distinct  from  the  Montebello  sand- 
stone of  the  south  central  sections  (Susquehanna  and  Juniata  valleys). 
The  lower  shale  member  is  brown-weathering,  dark  gray,  sandy  shale 
which  contains  some  platy  sandstone,  but  is  rarely  well  exposed  and 
has  provided  few  fossils.  These  Mahantango  members  in  the  south 
interfinger  mutually  and  lose  their  identity  northward.  The  median 
sandstone  gradually  splits  up  and  dies  out,  and  the  whole  passes  over 
into  fairly  uniform  Mahantango  lithology.  The  following  faunules 
illustrate  the  paleontologie  nature  of  these  members : 

Top  of  upper  shale  near  Schellsburg,  Bedford  County 

Leptostrophia  perplana  (Conrad)  Tropidoleptus  ca'-inatus  (Conrad) 

Stropheodonta  demissa  (Conrad)  “Spirifer”  mucronatus  (Conrad) 

Sehuchertella  variaMis  Prosser  Amiocoelia  umbonata  (Uonrad) 

Chonetes  lepidus  Hall 


* In  my  paper  “Hamilton  group  along  the  Allegheny  Front”  (246),  I designated  these 
as  the  Frame,  Chaneysville  and  Gander  Run  members.  These  names  are  of  only  local 
value. 


192 


DEX'ONIAN  OF  PENNSYLVANIA 


Black  limestone  from  middle  of  upper  shale  in  bed  of  Raystown 
jji'Uiicli  Ji  miks  li'est  of  Jiaiins  Vhoice,  Bidford  County  (.  iy.  3D) 


Bryozoa,  undet. 

Leptostrophia  perplana  (Conrad) 
Ohonetes  mucronatus  Hall 
C.  coronatus  (Conrad) 

G.  lepidus  Hall 

Rhipidomella  vanuxemi  (Conrad) 
Tropidolept us  carnialus  (Conrad) 
“Bpirifer"  mucronatus  (Conrad) 


Palaeoneilo  plana  Hall 
Modiomorpha  concentrica  (Conrad) 
Raracyclas  lirata  (Conrad) 
Pleurotomaria  capillaria  Conrad 
Bellerophon  leda  Hall 
TJiaphorcstoma  sp. 

Honwlonotus  delcayi  (Green) 


Base  of  the  upper  shale, 
Crinoidea,  columiials 
Leptostrophia  perplana  (Conrad) 
Ohonetes  mucronatus  Hall 
C.  coronatus  (Conrad) 

C.  lepidus  Hall 

Tropidoleptus  carinatus  (Conrad) 
Cyrtina  hamiltonensis  Hall 
"‘Bpirifer”  mucronatus  (Conrad) 
“S.”  granulosus  (Conrad) 

“S’.”  angustus  (Conrad) 

Grammysiu  arcuala  (Conrad) 
Nucula  hellistriata  (Conrad) 


southcentral  Bedford  County 
N.  sp. 

I alaeoneilo  plana  Hall 
Pterinea  flahellum  (Conrad) 
Liopteria  sj). 

Puracycles  tenuis  Hall 
Cyrtolites  pileolus  Hall  (?) 
Macrocliilus  sj). 

Euomphalus  sp. 

Coleolus  tenuicinctus  Hall 
Phacops  sp. 

Mesothyra  sp. 

Taonurus  sp. 


Composite  of  middle  sandstone,  Chaneysville,  Bedford  County 
Crinoidea,  columnals 
Chonetes  coronatus  (Conrad) 


C.  scitulus  Hall 
C.  lepidus  Hall 
C.  vicinus  (Castelnau) 

Eunella  lincklueni  Hall 
Tropidoleptus  carinatus  (Conrad) 
‘'Spirifer'  mucronatus  (Conrad) 
“S'.”  angustus  Hall  (?) 

Lon  er  shale  near 
Crinoidea,  columnals 
Fenestella  sp. 

Chonetes  coronatus  (Conrad) 

C.  scitulus  Hall 

“Spirifer”  mucronatus  (Conrad) 


“S.”  audaculus  (Conrad) 

Nucula  variocosa  Hall 
Pterinea,  fiahcUunt  (lonrcd) 
Modiomorpha  concentrica,  (Conrad) 
Pele^ypoda,  indei. 

Pleurotomaria  sulcomarginal  a 
Conrad 

Cyrtolites  pileolus  Hall 
Plantae,  fragments 

Buxton,  Bedford  County 

“S.”  audaculus  (Conrad) 
Pelecyi^oda,  indet. 

Platyceras  erect  uni  Hall 
Phacops,  sp. 


In  the  above,  note  particularly  the  oeeurrence  of  Leptostrophia 
perplana  (Conrad)  in  the  upper  shale  unit.  It  appears  to  be  a fairly 
characteristic  fossil.  The  middle  sandstone  member  actually  shows 
zones  of  fossils  not  brought  out  in  the  composite  fauna  listed.  In 
the  lower  part  occur  many  specimens  of  Chonetes,  and  “Spirifer” 
mucronatus  (Conrad)  is  found  in  the  highest  part  of  this  member. 
In  its  middle  beds  Tropidoleptus  carinatus  (Conrad)  abounds.  The 
sandstone  facies  elements  of  the  Mahantango  previously  mentioned 
for  central  Pennsylvania  occur  in  this  member.  Most  of  the  Mahan- 
tango faunules  from  Bedford  County  are  thought  to  be  more  or  less 
closely  allied  with  the  Ludlowville  of  central  Pennsylvania  rather 
than  with  other  faunal  facies  of  the  formation.  The  median  sand- 
stone splits  in  northern  Bedford  Count}^  with  either  a shale  or  thin 
limestone  coming  in  between  the  components.  Beyond,  in  Blair 
County,  the  three  membei’s  are  doubtfully  recognized.  The  sand- 
stones which  Butts  reported  in  his  Altoona  section  (22)  may  in  part 
represent  the  one  at  Chaneysville. 
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In  Huiiitingdon  County  are  many  highly  fossiliferous  exposures 
of  the  Mahantango,  particularly  in  the  neighborhood  of  the  horough 
of  Huntingdon.  There  the  Mahantango  formation  is  divisible  lith- 
ologically as  follows : 


Feet 


e.  Uppei'  shale  90 

d.  Upper  sandstone  80 

c.  Middle  shale  .580 

h.  Lower  sandstone 25 

a.  Lower  shale  290 


Neither  sandstone  b nor  d has  been  successfully  matched  with  the 
one  at  Chaneysville,  but  they  may  tie  in  with  those  in  Butts’s  section. 
In  the  middle  shale,  c,  abundant  fossils  occur : 

Middle  Mahantiuujo,  shale  c,  Huntingdon,  Huntingdon  Countu 


Zaghrentis  proliflca 
Ceratopora  sp. 

Crinoidea,  columnals 
Lichenalia  sp. 

Bryozoa,  undet. 

Vhunetcs  setiger  (Hall) 
Camarotoechia  proliflca  Hall 
Tropidoleptiis  carinatus  (Conrad) 
“Spirifer”  mucronatus  (Conrad) 
“lb'.”  granulosus  (Conrad) 

“/S'.”  anguslus  Hall 
Amhocoelia  lunhonata  (Conrad) 
ViUilina  pustulosa  Hall 
Tellinopsis  suhcinurgi nata  (C'onrad  ) 
Xucula  corliuliforin  is  Hall 


yudnlitcs  sp. 

Palaeoneilo  plana  Hall 
P.  sp. 

Pleurofomaria  sulcoinarginata 
Conrad 

P.  capillaria  Conrad 
P.  sp. 

Bellerophon  sp. 

Ortlioceras  sp. 

Spyroccras  crotalum  (Hall) 
Hoinalonotus  dekayi  (Green) 
l harops  rana  (Green) 
Phyllocarid  iindet.  (?) 
Tuonurus  sp. 


The  higher  sandstone,  d,  is  separated  by  shaly  beds,  e,  from  the  base 
of  the  Portage.  This  shale  contains  a faunule  which  differs  from  the 
upper  shale  unit  in  Bedford  County.  Eather,  these  fossils  are  to  be 
correlated  with  faunules  from  the  top  of  the  IMahantango  in  Centre 
and  Lycoming  Counties.  Apparently,  it  is  a later  faunnule  than  that 
in  the  upper  shale  in  Bedford  County  whose  nearest  correlate  at 
Huntingdon  is  found  in  the  fossils  of  the  upper  sandstone  which 
carries  Leptostrophia  perplana  (Conrad),  absent  from  the  highest 
shale. 


Top  of  Mahantango,  shale  e,  Huntingdon,  Huntingdon  County 


Ceratopora  intermedia  (Nicholson) 
Crinoidea,  columnals 
Chonetcs  setiger  (Hall) 

C.  sp. 

Rhipidomella  sp. 

Tropidoleptiis  carinatus  (Conrad) 
‘"Spirifer”  mucronatus  (Conrad) 


Grammysia  arcuaia  (Conrad) 
Hucnla  sp. 

Nuculites  sp. 

Lioptcria  conradi  Hall  ■ 
Actinopteria  decussata  Hall 
Tuonurus  sp. 


In  the  middle  Mahantango  shale  of  the  Huntingdon  area  Marcellus 
conditions  seem  occasionally  to  have  recurred.  In  a quarry  at  the 
north  side  of  Huntingdon,  a black  shale  interbed  yielded  the  follow- 
ing assemblage : 

Marcellus  recurrent,  quarry  north  of  Huntingdon 
Liorhynchus  limitare  (Vanuxem)  Styliolina  flssurella  (Hall) 

Nucula  corhuliformis  Hall  Orthoceras  telamon  Hall 

Loxonema  hamiltontae  Hall 
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In  Centre  County  the  Mahantango  is  usually  eoneealed.  An  ex- 
posure of  the  top  of  the  formation  directly  beneath  the  Tully  lime- 
stone in  Bald  Eagle  Valley  yielded  fossils  which  differ  fi’om  the 
highest  shale  fossils  in  Bedford  County  and  at  the  same  time  suggest 
the  youngest  shale  faunule  at  Huntingdon.  This  Centre  County 
faunule  is  the  only  one  discovered  along  the  Allegheny  Front  with 
Vituli'im  pustidosa  Hall  present  at  the  top  of  the  Mahantango.  The 
importance  of  this  lies  in  the  fact  that  this  braehiopod;  as  will  be 
remembered,  is  characteristically  common  at  the  to^i  of  the  Moscow 
facies  in  the  east.  The  faunnule  is : 


Topmost  Mahantango,  Bald  Eagle  Valley,  Centre  County 


Zaphrentis  simplex  Hall 
Ceratopora  sp. 

Crinoiclea,  columiials 
Feiiestella  sp. 

Bryozoa,  undet. 

Loptostrophui  perplana  var. 

alternata  Clarke  and  Swartz 
Chonetes  vicinus  (Castelnau) 

C.  sp. 

SStrophalosia  truncata  (Hall) 
Camarotoechia  sp. 

Tropidoleptus  carinatus  (Conrad) 


Atrt/pa.  reticularis  (Linnaeus) 
'"Spirifer”  mncronatns  (Conrad) 
Elytha  flinhriata  (Conrad) 
VituUna  piistulosa  Hall 
Brachiopod,  undet. 

Niicula  hellistriata  (Conrad) 
Actinopteria  sp. 

Cypricardella  hellistriata  (Conrad) 
Loxonema  liamiltoniae  Hall 
Styliolina  flssurella  (Hall) 
Bhacops  sp. 


Clinton  County  has  furnishd  no  good  Mahantango  sections.  In  the 
closely  folded  western  half  of  Mifflin  County  most  of  the  Mahantango 
has  been  eroded.  Lycoming  County  has  supplied  generally  indif- 
ferent exposures.  The  upper  Mahantango  beds  underlying  the  Tully 
limestone  on  Oak  Bun  north  of  Pennsdale  consist  of  gray,  brown- 
weathering  shale  and  whitish,  clayey  shale  and  carry  a faunule 
similar  to  the  highest  Manhantango  fossil  assemblages  in  Centre  and 
Huntingdon  counties,  but  differing  strongly  from  the  highest  shale 
faunule  in  Bedford  County.  Recurrent  Marcellus  elements  are  ap- 
parent, and,  in  the  midst  of  the  beds  is  a black  shale  of  a truly  Marcel- 
lus  lithic  aspect. 

Recurrent  Marcellus  faunule  near  top  of  Mahantango  formation, 
on  Oak  Run,  Lycoming  County 

Crinoidea,  columnals  Styliolina  flssurella^  (Hall) 

Liorhynch'us  limitare  (Vanuxem)  Plantae,  fragments 


Top  of  Mahantango  formation.  Oak  Rim,  Lycoming  County 


Zaphrentis  simplex  Hall 
Aulopora  sp. 

Ceratopora  sp. 

Crinoidea,  columnals 
Fenestella  sp. 

Lichanalia  sp. 

Bryozoa,  undet. 

Orbiculoidea  sp. 

Leptostrophia  perplana  var. 

alternata  Clarke  and  Swartz 
Stropheodonta  inequistriata  (Con- 
rad) 

Chonetes  mucronatus  Hall 


C.  coronatus  (Conrad) 
Rhipidomella-  vannxmeni  Hall 
Atrypa  reticularis  (Linnaeus) 
“Spirifer”  mucronatus  (Conrad) 
“S.”  tullius  Hall 
Ambocoelia  umbonata  (Conrad) 
Nucula  sp. 

Actinopteria  sp. 

Pelecyopoda  indet. 

Styliolina  flssurella  (Hall) 
Ilomalonotus  dekayi  (Green) 
Phacops  ran  a (Green) 
Dalmanites  sp. 
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MONTEBELLO  AND  OTHER  MIDDLE  DEVONIAN  SANDSTONES 

At  this  point  a digression  is  necessary  to  consider  rather  fully  the 
Montebello  sandstone  of  tlve  Afanhan tango  and  the  still  older  but 
analogous  ones  of  the  IMarcellns.  TJie  disenssion  of  the  latter  sand- 
stones, because  of  tlieii'  close  similarit}’  to  the  iMontebello,  was  post- 
poned when  I took  up  the  Alarcellns.  The  whole  may  now  be  con- 
\'eniently  considered  at  one  time. 


Figure  46.  Paleogeographic  map  of  Middle  Devonian  time  in  Pennsylvania 
showing  the  supposed  extent  of  the  Penn-York  emhayment. 


Stratigraphic  History 

Origin  of  ihe  sandstones.  I mentioned  in  the  preceding  chapter 
the  Marcellus  sandstones  among  that  formation’s  divisions  in  central 
Pennsylvania,  that  is,  the  lower  Snscinehanna  and  Juniata  valleys, 
and  noted  that  the  formation  consists  of  an  upper  and  a lower  black 
shale  of  nearly  identical  character,  separated  by  two  sandstones.  Tlie 
sequence  is : 

Alahanoj'  black  shale 
Mexico  sandstone 
Turkey  Eidge  sandstone 
Shamokin  black  shale 

Since  the  origin  of  the  shales  is  presumably  that  ascribed  to  such 
deposits  elsewhere,  attention  may  be  directed  to  the  sandstones,  the 
Mexico  and  Turkey  Ridge,  and  to  the  later  Montebello  sandstone. 
Mention  also  may  be  conveniently  made  at  this  time  of  the  Knobsville 
continental  phase  found  in  Pulton  County. 

The  sandstones  vary  considerably  in  thickness.  The  Montebello, 
Mexico  and  Turkey  Ridge,  as  illustrated  approximately,  Figures  40, 
and  47,  thin  away  from  the  same  central  region.  It  is  at  once 
apparent  that  in  central  Pennsylvania  the  Hamilton  and  Marcellus 
show  irregularities  in  type  and  rate  of  sedimentation,  which  though 
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local  in  distribution  and  of  relatively  short  duration,  are  significant. 
Variations  of  this  sort  are  practically  unknown  in  eastern  Pennsyl- 
vania, and  are  elsewhere  developed  only  to  a minor  extent  in  the 
sandstone  member  of  the  Hamilton  at  Chaneysville  in  Bedford 
County  and  in  the  thin,  local  lenses  of  sandstone  north  thereof  at 
Huntingdon  and  in  the  Altoona  .section  elucidated  by  Butts  (22). 

To  explain  these  abnormalities,  I assumed  the  sandstones  were 
deposited  so  near  the  coast  that  sedimentation  was  strongly  influenced 
by  terrestrial  conditions.  Local  variations  from  fine  to  coarse,  and 
from  fresh  water  to  marine,  may  occur,  particularly  off  the  months 
of  rivers,  if  one  supposes  the  region  to  have  been  relatively  unstable. 


Figure  47.  Isopach  map  of  Montebello  sandstone;  interval  100  feet,  ap- 
proximate limit  of  sandstone  distribution  at  zero  (outermost)  line.  The 
Mareellus  sandstones  have  a nearly  identical  distribution. 


My  assumption  is  that  the  Hamilton  shoreline  passed  in  an  irregular 
peninsular  or  arc,  its  convex  side  to  the  north,  from  central  Lebanon 
County,  on  the  east,  across  Dauphin,  Cumberland  and  southeastern 
Franklin  counties,  into  Maryland.  East  of  Lebanon  County  a broad 
embayment  was  produced  by  a reentrant  of  the  coastline  which  curved 
to  the  southeast.  Throughout  eastern  Pennsylvania  there  was  marked 
regularity  in  Hamilton  and  Mareellus  seclimentation  uninfluenced 
by  coastal  conditions,  due  to  remoteness  of  the  land.  West  of 
Lebanon,  deltaic  sediments  are  thought  to  have  been  built  out  at  at 
least  two  points,  reaching  north  or  northwestward  into  the  sea.  The 
larger  of  these  loci  of  deltaic  sedimentation  centered  in  Perry  and 
Dauphin  counties  where  the  Mareellus  and  Montebello  sandstones 
accumulated ; the  other  in  the  vicinity  of  Knobsville  in  northeastern 
Fulton  County,  produced  red  beds.  A few  years  ago  I tried  to 
explain  coastal  conditions  during  Chemung  time  and  attempted  to 
trace  the  early  Chemung  shoreline  across  Pennsylvania  from  the 
northeastern  counties  to  the  southcentral  border  (see  Chapter  VIII). 


ha:milton  group 
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I offered  a demonstration  that  certain  delta  lobes  developed  on  the 
seacoast  in  Chemung  time.  Our  Middle  Devonian  sediments  have 
what  appear  to  be  the  forerunners  of  some  of  the  Chemung  delta  lobes 

The  two  marine  sandstones  of  the  Marcellus,  the  Turkey  Ridge 
and  Mexico,  have  nearly  coincidental  areal  distribution  and  thin 
away  from  the  same  center.  Therefore  their  origin  appears  to  have 
been  similar,  and  they  may  be  discussed  as  a unit.  The  thickest 
portion  is  in  the  region  of  convergence  of  Juniata,  Snyder,  North- 
umberland, Dauphin  and  Perry  counties.  They  thin  away  rapidly 
northward,  but  less  suddenly  to  the  northeast;  and,  westward,  they 
continue  into  western  Juniata  County,  showing  in  that  direction  their 
greatest  extension.  The  exceptionally  thick  section  near  MeCoys- 
ville  is  accounted  for  by  its  having  originated  nearer  shore  than  those 
immediately  adjacent  thereto.  Judging  from  the  areal  distribution 
and  the  direction  of  thinning,  one  may  assume  that  the  source  of 
these  sands  lay  somewhere  in  the  region  of  northern  or  central 
Dauphin  County.  As  additional  proof  of  such  an  observation,  there 
is  a gradual,  though  not  marked,  decrease  in  coarseness  of  texture 
from  the  thicker  toward  the  thinner  sections.  The  Perry,  Dauphin 
and  Schuylkill  county  geologic  maps  and  the  1931  State  map  show 
that  the  lownr  Devonian  is  absent  across  Dauphin  County  north  of 
Blue  Mountain,  but  is  present  east  and  west  thereof.  This  I have 
confirmed  and  Dr.  A.  B.  Cleaves  has  cheeked  it  in  his  studies  of  the 
Oriskany  and  Dr.  Swartz  for  the  Helderberg  (Chapters  III  and  II). 
Not  only  are  the  highest  Silurian,  the  Oriskany  and  the  Helderberg 
absent,  but  the  Onondaga  and  the  lower  Marcellus  as  -well.  The  only 
Marcellus  recognized  atthe  Susquehanna  is  a black  shale  about  50 
feet  thick,  correlated  'with  the  Mahanoy  or  highest  member.  It  under- 
lies beds  of  Skaneateles  age,  including  the  Port  Hunter.  This 
black  shale  probably  rests  upon  the  Bloosmburg  red  beds,  but  the 
contact  is  today  concealed.  It  is  conceivable  that  the  pre-Marcellus 
Devonian  once  extended  all  across  this  gap,  and  wns  later  eroded 
from  or  perhaps  in  part  faulted  out  in  central  Dauphin  County. 
That  these  early  Devonian  formations  once  crossed  the  gap  is  assumed 
chiefly  because  of  their  full  development  to  the  east  in  Schuylkill 
and  to  the  west  in  Perry  County.  The  following  discussion  of  hap- 
penings may  be  deduced. 

Somewhere  about  tlie  end  of  Onondagan  time,  marine  deposition 
stopped  in  the  region  of  central  Dauphin  County.  Such  a cessation 
may  be  attributed  to  gentle,  local  movement,  which  elevated  the  region 
off  to  the  south,  and  extended  in  lessening  degrees  northward,  well 
into  the  Susquehanna  and  Juniata  valleys.  There,  the  thin  sandstone 
often  found  above  the  Onondaga  may  represent  a brief  interval  of 
sub-aerial  exposure.  Resubmergenee  to  the  north  followed,  allowing 
the  sea  to  return  and  lay  down  the  lower  Marcellus  black  shale,  the 
Shamokin  member,  but  this  probably  never  extended  into  western 
Dauphin  County,  as  no  trace  of  it  is  there  knowm.  Rather,  erosion 
set  in  to  the  south,  so  that  by  middle  Marcellus  time,  coarse  sediments 
spread  northward  to  become  the  heavy-bedded  Turkey  Ridge  sand- 
stone of  evident  deltaic  origin.  The  Turkey  Ridge  and  the  Oriskany 
are  in  many  respects  strikingly  similar  lithologically.  The  latter  may 
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have  been  the  source  rock  for  much  or  all  of  the  former.  The  Turkey 
Riclg-e  can  be  thought  of  as  merely  Oriskany  reworked,  tlieir  principal 
dissimilarities  being  the  finer  texture,  better  sorting,  firmer  cementa- 
tion, and  total  barrenness  of  the  Tiu’key  Ridge  member.  The 
Onondaga  and  Helderberg,  calcareous  in  the  main,  could  supply  no 
appreciable  amount  of  reworked  residue.  What,  if  any,  the  Silurian 
system  may  have  contributed  in  clastic  matter  to  the  Turkey  Ridge, 
is  undetermined,  for  no  one  knows  how  far  south  the  Lower  Devonian 
formations  may  have  extended  as  a protective  cover  to  the  older  sys- 
tem. If  there  ivere  here  a delta  produced  by  a stream  of  appreciable 
size,  such  a stream  must  surely  have  flowed  over  older  rocks  to  the 
south,  unless  one  assumed  a pronounced  elevation  near  the  shore,  a 
movement  for  which  no  structural  evidence  has  been  obtained.  Ero- 
sion must  have  been  rapid.  Relief  suffered  reduction,  and  the  coarse 
heavy-bedded  Turkey  Ridge  sandsfone  soon  yielded  place  to  the 
finer,  thin-bedded  Mexico  sandstone,  and  it  in  turn  was  displaced 
with  return  of  the  sea  by  the  upper,  black  shale  member  of  the  Marcel- 
lus,  the  Mahanoy.  It  was  this  last  which  transgressed  into  central 
Dauphin  County  as  the  only  Mareellus  now  known  there.  Its  south- 
ward migration  implies  a slight  settling  of  the  area.  Such  conditions 
partially  explain  the  exceptional  westward  thinning  of  the  Mareellus 
between  Schuylkill  and  Dauphin  counties. 

The  Montebello*  sandstone  facies  of  the  Mahantango  formation  of 
the  Hamilton  group  spread  over  the  uppermost  Mareellus  black  shale. 
Its  distribution  and  character  imply  a more  or  less  close  reenactment 
of  those  Mareellus  scenes  which  caused  the  laying  down  of  the  Turkey 
Ridge  and  Mexico  members.  The  sandstone  thins  with  comparative 
abruptness  northward,  eastward  and  westward  (figure  47).  The  tex- 
ture grows  finer  away  from  the  source  of  supply,  the  region  of  Dau- 
phin and  Perry  counties  and  southward.  The  bedding,  too,  changes 
from  massive  to  the  south  to  flaggy,  northward.  There  is  no  sign 
of  an  unconformity  at  the  base  of  the  sandstone,  for  its  grades  down 
into  the  black  Mareellus  shale  in  Dauphin,  Lebanon  and  eastern  Perry 
counties.  Presumably,  uplift  was  slowly  resumed,  and  rejuvenated 
streams  renewed  their  delta-forming  after  the  local  transgression  into 
the  black  Mahanoy  shale  member.  In  the  basal  Montebello,  there  is, 
locally,  the  heavy  Fort  Hunter  sandstone.  The  succeeding  lower  third 
of  the  Montebello  in  Dauphin  County  carries  considerable  dark  shale 
and  rather  fine  dark  sandstone,  whereas  beds  of  the  same  age  in  north- 
ern Perry  County  are  nearly  all  coarse. 

During  the  Sixteenth  International  Geological  Congress  (201),  1933, 
I had  the  pleasure  of  showing  the  Rockville  section  to  Prof.  Armand 
Renier  of  Belgium.  Professor  Renier  noted  what  he  considered  to  be 
the  roots  of  land  plants  m situ  in  this  shalier,  lower  Montebello.  Beds 
carrying  these  carbonized  fragments  alternate  with  undoubted  marine 
strata  with  Montebello  facies  invertebrates.  If  this  observation  be 
true,  it  appears  that  the  lower  Montebello  at  Rockville  is  an  alterna- 
tion of  marine  and  non-marine,  possibly  produced  under  estuainne 
conditions. 

But  the  upper  half  of  the  Rockville  section  is  all  typically  marine 
without  land  plants  in  place.  It  is  nearly  all  coarse  sandstone  plus 


* Name  originally  used  by  E.  W.  Claypole  (72). 
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a few  slialy  beds  replete  in  Taonunis  markings.  If  the  dark,  shalier, 
lower  part  be  considered  estuarine  with  alternation  of  marine  and 
fresh-water  conditions,  tlie  fresh-water  beds  may  have  dominated  ai' 
first,  but  gTadually  gave  place  to  the  marine  environment  of  Ludlow- 
ville  time.  As  a corollary,  those  lower  Montebello  beds  which  probably 
spread  the  farthest  from  their  source  of  supply,  are  composed  of 
comparatively  coarse  sandstone  and  are  all  marine.  This  is  attributed 
to  sorting  by  currents  and  waves  off  shore  in  shailow  water.  Simnl- 
taneously,  the  shalier  marine  and  fresh-water  beds  formed  near  shore 


Photoyraph  by  George  H.  Ashley 

Figure  48.  A ledge  of  Montebello  sandstone  produces  “falls”  on  the  Juni- 
ata River  at  Half  Falls  Mountain,  Perry  County. 

where  sorting  was  less  complete,  perhaps  where  too  mnch  mnd  came 
in  to  be  comjiletely  removed.  The  area  may  even  have  been  more 
or  less  protected  by  configurations  of  the  near-by  coast. 

The  distribution  shown  in  figure  47  indicates  that  the  iMarcellns 
and  Montebello  sandstones  are  spread  more  to  the  west  than  to  the 
east  of  their  locus  of  origin.  This  distribution  confoims  to  that  noted 
for  the  Chemung  delta  lobes  aforementioned  and  fully  described  in 
Chapter  VIII.  This  distribution  or  distortion  is  attributed  to  the  action 
of  marine  currents,  produced  by  a clockwise  rotation  of  the  Devonian 
epeiric  sea  water  wdiich  may  be  supposed  to  have  produced  a current 
fiowing  southwestward  along  the  shore  of  Appalachia. 

The  KnoTismlle  continental  hech  are  found  in  the  region  of  Knobs- 
ville,  their  type  locality,  in  northeastern  Fulton  County.  They  are  a 
phase  of  the  Mahantango  formation,  and  are  made  up  of  red  and 
green  beds  devoid  of  marine  organic  remains  .save  for  a few  poorly 
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preserved  specimens  of  dubious  identity  which  occur  at  the  margins 
of  the  deposit  where  it  passes  over  into  marine  strata.  This  passage 
is  gradual  and  determines  the  Hamilton  age  of  the  lower  part  of  the 
Knobsville.  The  continental  beds  thicken  eastward  until  lost  through 
erosion  toward  the  Franklin  County  line.  It  is  enough  to  remark 
that  they  represent  the  landward  portion  of  a rather  small  delta  which 
began  during  early,  and  continued  through  later  Mahantango  time. 
This  phenomenon  will  be  recalled  in  the  discussion  of  the  Devonian 
geologic  history,  particularly  in  comparing  the  Knobsville  beds  with 
conditions  observed  in  the  Middle  and  Upper  Devonian  of  north- 
central  New  Jersey  and  their  bearing  upon  Pennsylvania. 

Hamilton  Summary 

The  Hamilton  succession  in  eastern  Pennsylvania  is  similar  to  that 
worked  out  by  Cooper  in  central  New  York,  but  the  divisions  are  less 
clearly  defined.  Westward  and  southwestward  across  central  Penn- 
sylvania, the  New  York  affinities  and  similarities  grow  obscure.  New 
subdivisions  not  recognized  in  the  east  appear,  and  local,  lithologic 
anomalies  occupy  large  parts  of  the  Hamilton  succession  to  the 
elimination  of  all  else.  Thus,  in  the  Susquehanna  Valley,  the  Moscow, 
Ludlowville  and  Skaneateles  equivalents  are  only  roughly  deliminated 
faunally.  The  name  Montebello  sandstone  is  long  in  use  for  the  great 
mass  of  Hamilton  sandstone  in  the  lower  Susquehanna  and  Juniata 
valleys.  Elsewhere,  the  monotonous  succession  of  post-Marcellus  shales 
broken  only  by  thin  sandstone  lenses  has  been  designated  the  Mahan- 
tango formation. 

Still  farther  to  the  southwest,  the  Hamilton  group  is  even  less  dif- 
ferentiated. Local  divisions  show  in  the  Mahantango.  Here  there 
seems  good  faunal  reason  for  suspecting  that  no  beds  of  Moscow  age 
are  present.  Throughout,  the  Hamilton  group  exhibits,  despite  its 
lithologic  variations,  a close  faunal  unity.  Its  major  divisions  above 
the  Marcellus,  when  not  lithologically  distinct,  are  differentiated,  not 
upon  the  presence  or  absence  of  particular  genera  or  species,  but  upon 
the  relative  abundance  or  the  proportional  distribution  of  the  faunas 
among  the  several  classes  of  invertebrates. 


CHAPTER  VI. 

THE  UPPER  DEVONIAN,  SENECAN  STAGE 

THE  PORTAGE  GROUP 

History  and  Definition 

The  base  of  the  Upper  Devonian  is  established  larg'ely  upon  the  appear- 
ance of  an  iinniio’rant  fauna  (Ifjipotli  iiridiiiii ) which  c-haractei'izes  the  Ijase 
of  the  Upper  Devonian  in  Eurasia  and  reached  the  Appalachian  province 
possibly  via  the  Gulf  of  Mexico  at  the  beg'inning-  of  Portage  time  (Tully 
limestone).  The  deposition  of  detrital  sediments  continued,  however,  with 
only  gradual  change.  In  central  New  York,  where  the  Portage  group  was 
defined,  it  consists  of  alternating  dark  shales  and  flaggy  sandstones.  West- 
ward it  grades  entirely  into  black  shales,  but  toward  the  east  passes  into 
flaggy  fossiliferous  sandstone  and  finally  into  massive  sandstone  without 
fossils  (Oneonta)  and  in  the  eastern  face  of  the  Catskills  into  red  beds 
(Schuchert  and  Dunbar  185). 

In  Pennsylvania  the  term  Portage  group  is  now  and  liere  used  to 
include  all  marine  strata  intervening  between  the  superjacent  Che- 
mnng  (recognized  by  the  appearance  of  “ Spirifer”  disjunctus)  or  its 
continental  equivalent,  the  Shohola  formation,  and  the  subjacent  Ham- 
ilton. Therefore,  the  present  use  of  Portage  is  somewhat  more  inclu- 
sive than  common,  since  it  embraces  beds  assignable  to  the  Tully, 
and  the  Genesee  group  and  later.  The  nomenclatorial  sequence  which 
has  been  adoptecl  is  partly  that  proposed  by  Butts  (22),  with  later 
modifications  and  additions  derived  chiefly  from  my  own  studies  in 
the  Susquehanna  Valley  and  eastward  and  published  in  my  separate 
account  of  the  Portage  in  Pennsylvania  as  follows  (243)  ; 

PORTAGE  GROUP 

Fort  Littleton  formation 
Parkhead  member 
Brallier  member 
Trimmers  Rock  member 
Losh  Run  member 
Harrell  member 

Rush  formation 
Burket  member 
Tully  member 

In  this  sequence,  I designate  two  formations,  separated  at  the 
Harrell-Burket  contact.  The  individual  members  are  closely  allied, 
interfingering  horizontally  and  vertically.  It  should  be  observsed,  and 
will  be  fully  explained  later,  that  the  Brallier  shale  is  the  off-shore 
equivalent  of  the  Trimmers  Rock  sandstone.  The  Harrell  is  inseparable 
by  any  sharp  line  of  contact  from  the  Brallier,  and  the  Burket  and 
Tully  intergrade.  The  Losh  Run,  too,  fades  into  adjacent  members. 
The  name  Port  Littleton  formation  is  derived  from  the  village  in 
northeastern  Pulton  County,  and  Rush  from  Rush  Township,  North- 
umberland County. 
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Pholoiji  apn  by  Bradford  WiJlard 

Figure  49.  Tablet  in  Letchworth  Park,  N.  Y.,  commemorating  the 
early  Mork  of  James  Hall.  The  inscription  reads; 

JAMES  IIAI.E 
Slate  (iei)loKi!^t  »1  New  i Oek 
ISHt-lSilS 

EslaOlislied  in  tliis  Enuith  (ieoloKical  District,  tlie  elassiti<ation  of  a 
larjre  part  of  tlie  New  York  system  of  seolosieal  formations  wl<ieli 
gave  emluriiiH:  repute  to  tlie  geology  of  New  Y'ork.  Tliis  gorge  ex- 
liibits  the  typical  expression  of  Hall’s  J’OKTAtlK  HKOl'P  whose  rocks 
carry  an  assemhlage  of  organic  remains  n idely  diffused  fhroiighout 
the  world. 


Fifiiirr  riO. 


of  gorge  of  (h'm'see 
\ ork.  showing  “Pori 


Photograph  by  Bradford  Willard 

River,  Letchwork  Park,  New 
ige  flags.” 
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NEW  YORK 

It  is  unnecessary  to  set  doTvn  a long  dissertation  on  the  origin  of 
the  use  of  the  term  Portage.  A few  facts  will  suffice  : Proposed  by  Hall 
in  1840  for  beds  of  post-Gardeau  age  (110),  it  now  is  recoqrnized  in 
Xew  York  to  embrace  the  strata  from  the  Genesee  group  (as  defined  by 
Chadwick,  44)  to  the  Chemung.  If  Chadwick  is  correct,  it  appears 
that  this  Portage  today  is  considerably  restricted  in  western  New 
York,  since  he  would  place  the  Cheniung-Portage  contact  below  the 
Gardeau.  In  western  New  York,  the  Portage  is  characterized  by  a 
succession  of  dark  shales,  more  or  less  a recurrent  Genesee  facies,  and 
lighter,  sandier  to  flaggy  beds.  The  nomial  sequence  need  not  con- 
cern us.  Carried  eastward  to  the  region  of  Ithaca,  there  is  a striking- 
facies  alteration.  As  the  dark  shales  above  the  Genesee  group  dis- 
appear, arenaceous  elements  dominate.  In  the  Ithaca  region  the  Upper 
Devonian  sequence  below  the  Chemung  is  summarized  thus; 

Enfield  shale 
Ithaca  shale 
.She7'hurne  sandstone 
Genesee  shale 
Tully  limestone 

Farther  east  these  units  change  still  more  and  assume  a continental 
facies  in  the  upper  part,  the  Oneonta  sandstone.  The  entire  Portage 
i.s  thought  to  become  non-marine  in  the  Catskills. 

These  lithologic  variations  are  accompanied  by  corresponding  faunal 
facies  changes.  In  the  western,  shaly  facies,  the  fossils  belong  to  the 
Naples  fauna  characterized  by  such  small  pelecypods  as  Lunulicar- 
diuni,  Ontario.,  Cardionwrpha,  Paracardium  and  Buchiolo,  the  eepha- 
lopods  Manticoceras,  Proheloceras  and  Bactrites  and  swarms  of  ptero- 
pods.  The  sandy  facies  carries  the  strongly  Hamilton-Ithaca  fauna. 
Braehiopods  are  abundant  including  Leptostrophio,  Atrypa,  Chonetes. 
Cyrtina  “ Spirifer” ; and  large  pelecypods  assignable  to  Actinnpteria, 
Grammysio,  Modiomorplin,  etc.  abound  together  with  several  genera  of 
gastropods,  cephalopods  and  trilobites.  The  continental  facies  con- 
tains a few  plants  and  fresh-water  “clams.” 

In  New  York  the  term  Genesee  has  taken  on  the  value  of  a group 
designation  and  includes  four  divisions.  At  the  base  of  these  is  the 
Geneseo  black  shale,  the  original  “Genesee”  of  Vanuxem,  1842  (218). 
Its  sparse  fauna  includes  inarticulate  braehiopods,  a few  small  pelecy- 
pods,  pteropods  and  an  occasional  cephalopod.  It  appears  to  be  a 
forerunner  of  the  Naples  fauna. 

The  Tully  formation  in  New  York  has  recently  been  reviewed  by 
Cooper  and  Williams  (80).  They  report  it  to  be  a “thin  wedge  of 
sediments  lying  disconformably  on  the  Hamilton  formation.”  They 
recognize  three  member’s,  rvith  Hypothyridvno  characteristic  of  the 
middle  one.  Limestone  dominates  in  the  central  part  of  New  York, 
but  the  Tully  becomes  an  argillaceous  sandstone  eastward,  with 
gradual  loss  of  distinction  among  the  three  members  until  finally, 
Tully  fossils  are  found  mingled  with  an  Ithaca  fauna. 
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MARYLAND 

In  Maryland  the  term  Portage  was  not  in  favor  when  the  official 
nomenclatnre  was  adopted  by  the  State  Survey  in  1913  (143).  The 
beds  of  Portage  equivalence  are  designated  as  the  lower  part  of  the 
Jennings  formation  of  Upper  Devonian  age: 

Jennings  formation  (lower  part) 

ParkheacI  member 
Woodmont  member 
Ithaca  fauna 

Lioi’hi/nclius  glohuUforme  zone 
Cladochonus-Rcticularia  laevis  zone 
Naples  fauna 
Genesee  member 

The  Woodmont,  1200  to  IGOO  feet  thick,  is  greenish,  argillaceous 
and  sandy  shale  with  thin  sandstones  of  various  colors  interbedded. 
Organisms  are  few.  In  its  upper  part  Ithaca  fossils  occur,  and  in  the 
lower  part  a Naples  assemblage  has  been  recorded.  The  Ithaca  fos- 
sils at  the  top  anticipate  the  fauna  of  the  Parkhead  member  which, 
throughout  its  400  to  600  feet  of  shale,  sandstone  and  conglomerate, 
carries  a Hamilton-like  assemblage.  The  so-called  Genesee  of  Mary- 
land is  black  shale  with  a few  fossils  suggesting  a greatly  impover- 
ished Naples  fauna. 

Geographically  between  the  highly  differentiated  New  York  suc- 
cession and  the  generalized  Maryland  sequence  of  the  same  age  is 
the  Portage  group  of  Pennsylvania.  It  is  as  truly  stratigraphically 
as  geographically  intermediate.  It  embodies  some  of  the  New  York 
facies  changes  though  it  lacks  the  diversification  of  the  western  sec- 
tions. Conversely,  the  Portage  of  Pennsylvania  has  many  of  the  char- 
acters of  the  Maryland  beds,  but  shows  a more  complete  picture  than 
is  exposed  to  the  south. 

PENNSYLVANIA 

II  enry  D.  Rogers  (177)  assigned,  in  descending  order,  the  names 
VERGENT  SHALES  and  VERGENT  FLAGS  to  the  beds  beneath  his 
PONENT  SERIES  (Catskill).  These  he  tied  in  successively  with  the 
“Chemung  group”  and  “Portage  flags”  of  New  York.  The  correla- 
tion probably  is  not  far  off',  but  it  is  only  reasonable  to  assume  that 
the  Chemung-Portage  boundary  was  not  properly  established.  The 
Vergent  flags  appears  to  correspond  lithologically  most  nearly  to  the 
Brallier.  The  Vergent  shales  may  embrace  both  Chemung  sandstone 
and  shale  and  Trimmers  Rock  sandstone.  Rogers,  like  his  successors 
in  Lesley’s  Survey,  never  correctly  distinguished  the  Portage  from 
the  Chemung  in  the  east  where  only  the  former  is  represented  by  a 
marine  facies,  but  he  did  recognize  the  equivalent  of  the  New  York 
Genesee  (i.  e.  the  present  Geneseo)  as  the  CADENT  UPPER  BLACK 
SLATE  in  contradistinction  to  the  CADENT  LOWER  BLACK 
SLATE  (Marcellus).  His  report  that  it  contained  “small  and  deli- 
cate fossils”  suggests  that  he  included  both  our  present-day  Burket 
and  Harrell  members  under  this  heading.  Apparently  he  did  not 
know  of  the  Tully  in  Pennsylvania. 
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The  Second  Survey  included  what  they  called  “Tully”  with  the 
Hamilton,  but  probably  never  correctly  recognized  the  limestone. 
Rather,  their  “Tully”  was  always  a Hamiltodi  coral  bed  and,  there- 
fore, truly  interbedded  with  the  Hamilton  sandstones  and  shales.  They 
may  have  found  it  on  Chillisquaque  Creek  as  “20  feet  of  shaly  dark 
blue  limestone,  weathering  ashen  gray  and  holding  many  Amiocoslia 
umbomta ...”  (Lesley,  137 ; p.  1320).  The  lithology  described  tallies 
with  the  known  Tully  in  this  region,  and  the  reported  “Ambocoslui” 
may  not  improbably  be  Echinoccelia  ambocoelioides  Cooper  and  AVil- 
liams.  Lesley’s  men  sometimes  distinguished  the  Genesee  as  formation 
Vllle,  but  they  erred  in  its  identification  when  it  was  recorded  “2 
miles  above  Port  Jervis”.  In  central  Pennsylvania  it  was  usually 
correctly  recognized  save  when  confused  with  the  Marcellus.  Ash- 
burner’s  sequences  in  Aughwiek  and  Hare  valleys  (4)  indicate  that 
he  knew  and  distinguished  lithologically  what  we  call  Harrell  and 
Brallier  members.  A fauna  was  recognized  in  Huntingdon  County 
which  we  would  at  once  call  Naples  {Cf.  Clarke,  59,  63). 

The  Portage  proper  (Vlllf  in  part)  was  a neglected  factor  save 
for  some  of  the  shalier  occurrences.  Its  close  lithic  resemblance,  to 
the  Chemung,  where  dominated  by  sandstone  in  central  Pennsylvania, 
left  distinction  dubious  at  best.  Lesley’s  Portage  fauna  is  clearly 
Naples  as  used  today  (137;  p.  1363). 

On  the  lower  Juniata  in  Perry  County,  the  Portage-Chemung  interval 
varies  in  thickness  from  3800'  (3300'?)  at  Newport  to  1100'  in  Rye  Town- 
ship on  the  Susquehanna  at  Marysville.  How  much  of  this  should  be  con- 
sidered Portage,  there  seems  no  mode  of  determining;  nor  is  it  a matter 
of  any  great  importance.  So  far  as  fossil  species  can  settle  such  a question, 
the  whole  of  it  may  he  called  Chemung.  But  at  the  very  bottom  of  the 
mass  or  rather  underlying  it  are  about  200  feet  of  coarse  black  shales  in 
which  Portage  sgecies  [i.  e.  Xai^les  species]  occur  in  sufficient  abundance  at 
most  localities  where  their  outcrops  are  exposed  to  view.  But  the  common- 
est and  most  characteristic  shell  among  them  is  in  New  York  both  a Portage 
and  a Genesee  species,  Cardiola  (Avicula)  speciosa.  Considering  the  thin- 
ness of  the  Genesee  in  Perry  County  (200')  and  the  black  color  of  these 
shales,  it  seems  more  reasonable  to  assign  them  as  an  upper  division  to 
the  Genesee  and  look  for  the  Portage  among  the  Chemung  strata  overlj'ing 
them.  But  it  is  useless  to  do  this  as  there  seems  to  be  no  criterion  at 
hand. 

Had  Lesley  deleted  the  last  sentence,  the  above  paragraph  would 
have  been  worthy  of  the  remarks  of  a geologic  Solomon.  The  final 
statement  nearly  ruins  the  whole  thing ! Of  the  east,  w'here  no  marine 
Chemung  occurs,  Lesley  said  “all  of  the  shells  are  of  the  Chemung 
type”.  Stevenson  (198)  after  the  menner  of  Rogers,  mentioned 
Chemung  shale  and  Portage  flags,  but  made  no  clear  distinction 
between  them.  White  failed  to  understand  the  Chemung-Portage  situ- 
ation east  of  the  Susquehanna  (228,  229)  but  in  Huntingdon  County 
(230)  assigned  2500  feet  of  beds  to  the  Chemung  (Vlllf)  and  Port- 
age (Vllle),  divided  into  massive,  gray  sandstone  above  and  yellow- 
ish, sandy  shale  and  shaly  sandstone  below.  Claypole  (72)  recognized 
200  feet  of  black,  nearly  barren  shale  in  Perry  County  which  he  cor- 
rectly called  Genesee  Vllld  (now  Burket)  and  above  this  200  feet  of 
Cardiola  dark  shale,  Vllle,  which  belongs  to  the  Harrell  and  perhaps 
in  part  the  Brallier.  The  sandy  Trimmers  Rock  above  he  regarded 
as  Chemung. 


Not  until  Williams  and  Kindle  (265)  in  1904  published  their  Hol- 
lowing Run  and  Catawissa  sections  was  the  Ithaca  fauna  correctly 
observed  in  central  Pennsylvania.  Prosser  (161)  had  recognized  it 
in  our  most  eastern  exposures  a decade  earlier  and  showed  that  I.  C. 
White’s  interpretations  of  the  Upper  Devonian  were  quite  erroneous. 
Of  1400  to  1600  feet  of  Portage  in  the  Susquehanna  Valley,  Williams 
and  Kindle  recognized  200  to  400  feet  of  Genesee  barren,  dark  shale, 
400  to  600  feet  of  dark  gray  shale,  thin-bedded,  with  a Naples  fauna, 
and  600  to  1100  feet  of  dark  gray  shale  and  sandstone  with  Ithaca 
fossils.  Their  lowest  member  embraces  our  Biu’ket,  but  probably  con- 
tains no  true  Harrell,  for  they  reported  it  barren.  The  succeeding 
middle  member  is  mostly  Brallier  with  a probable  “ Reticul-aria  Jcevis 
zone”  in  the  midst.  These  beds  they  called  Sherburne,  but  without 
lithologic  or  faunal  support  of  this  implication.  The  highest  part,  the 
sandy  beds  with  Ithaca  fossils,  is  our  Trimmers  Rock  sandstone.  Wil- 
liams and  Kindle  appear  to  have  been  unable  to  find  any  unmistakable 
Tully.  Soon  afterward,  in  1906,  Kindle  (126)  doubtfully  reported 
Tully  near  Altoona.  This  identification  both  Butts  (22)  and  I 
(255)  have  since  independently  substantiated  as  authentic. 

It  was  in  the  study  of  the  Altoona  section  that  Butts  gave  us,  in 
1918,  the  first  reliable  foundation  for  much  of  our  present  interpre- 
tation of  the  Portage.  He  recorded  doubtfully  what  later  proves  to 
be  Tully,  and  he  recognized  and  named  the  Burket,  Harrell  and 
Brallier  shales.  All  these  were  included  in  the  Portage  group.  His 
original  descriptions  follow : 

Brallier  Fine-grained,  siliceous  shale  in  thick,  even  layers  revealing  their 
shale  fissillty  on  weathering.  Largely  wavy  or  dimpled  laminae,  some 
even  and  slaty.  A few  thin  fine-grained  sandstone  layers.  Fos- 
s.ls  small  ana  very  scarce.  Hiichiola  rctrosi riata,  Froheloccrast 
hither i,  Phragmostoma  natator.  Upper  Portage. 

Harrell  Dove  and  black  fissile  (paper)  shale.  Black  at  bottom  to  west 
shale  (Burket  member).  Black  and  dove  interbedded  to  east.  Buchiola 
ret  ros  trial  a,  Paracardhun  doris,  Pterochunia  fragllis,  Stglialina, 
fissiirclla,  Probcloceras  lutlieri.  Lower  Portage. 

He  discovered  “Chonetes  aurora  in  1 foot  limestone  at  very 
top  [of  the  Hamilton]  (Tully  ?,  Upper  Devonian)  ”.  Since  the  appear- 
ance of  Butts’s  paper.  Cleaves  has  made  unpublished  studies  of  the 
Portage  group  in  the  New  Bloomfield  quadrangle,  embracing  most 
of  easLern  Perry  County.  He  is  in  close  accord  with  my  findings.  I 
myself  recognized  unquestioned  Tully  over  wide  areas  extending  from 
eastern  Northumberland,  Carbon,  Schuylkill,  and  Perry  counties  west 
to  the  Allegheny  Front  and  south  to  Bedford  County  (238,  240,  245, 
247,  255).  I have  applied  Butts’s  data  over  this  same  region  and  iden- 
tified the  three  shales,  making  the  Burket  a separate  member  and  prob- 
able correlate  of  the  Geneseo  rather  than  the  basal  portion  of  the  Har- 
rell as  did  Butts.  With  Cleaves,  I recognized  as  Portage  and  subse- 
quently named  the  thick  Trimmers  Rock  sandstone  in  the  Susquehanna 
and  Juniata  valleys.  This  I have  since  traced  east  to  the  Delaware 
River  (245,  250).  In  that  geographic  interval  much  of  it  becomes  con- 
tinental in  nature.  The  presence  of  another  shale,  named  the  Losh 
Run,  was  made  known  and  it  or  its  characteristically  abundant  Beti- 
cularia  Icevis  occurs  widely,*  an  excellent  correlation  datum. 


POKTAGE  GKOUP 


207 


Distribution  and  Limits 

The  Portage  group  has  a wide  distribution  in  Pennsylvania, 
comparing  in  this  respect  favorably  with  that  of  the  Middle 
Devonian.  The  beds  enter  Pike  County  above  Matamoras  as  a 
relatively  broad  band  which,  narrowing,  as  dips  steepen,  con- 
tinues west  to  the  Susquehanna.  The  outcrop  winds  back  and  forth 
through  the  central  region,  largely  in  the  Susquehanna  Valley,  then 
swings  into  a long  curve,  east  of  the  Allegheny  Front,  to  Maryland. 
Lesser  areas  are  found  in  Bedford,  Fulton,  Huntingdon,  Blair  and 
western  Juniata  counties  (Figure  51). 

The  lower  limit  of  the  Portage  group  as  here  used  coincides  with 
the  contact  between  the  Middle  and  Upper  Devonian.  In  Europe  the 
Middle-Upper  Devonian  line  has  been  drawn  beneath  the  “cnboides 
zone”.  In  New  York,  through  supposed  analogy  between  that  zone 


Fifiure  51.  Sketch  map  showing  distribution  of  Portase  group  (exclusive  of 
the  Tully,  which  is  shown  independently  in  Figure  54)  in  Pennsylvania. 


and  the  Tully  limestone  with  Hypothyr>dina  vennstula,  the  Middle- 
Upper  Devonian  boundary  has  sometimes  been  placed  between  the 
Tully  and  Hamilton.  To  this  designation  there  are  dissenting  opin- 
ions, and  other  usages  have  found  credence  and  are  current.  Acknowl- 
edging that  the  question  is  still  open,  but  also  recognizing  that  its 
final  settlement  may  still  be  a long  way  otf,  I have  chosen  to  draw 
the  line  below  the  Tully.  Only  recently  has  such  a separation  been 
feasible  in  Pennsylvania,  because  the  vude  distribution  of  our  Tully 
and  its  fauna  has  been  but  lately  established.  In  the  absence  of  the 
limestone  over  parts  of  the  State,  other  distinguishing  criteria  are 
recognized  in  many  sections. 

Throughout  most  regions  where  both  the  Portage  and  Middle 
Devonian  rocks  are  exposed,  the  top  of  the  latter  may  be  identified 
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through  the  occurrence  of  Vitulina  imstulosa  with  or  without  “ 8pir- 
ifer”  tullius.  These  fossils  are  rare  or  absent  from  extreme  eastern 
sections ; but,  except  in  the  most  eastern  area,  there  is  an  accompany- 
ing lithologic  break.  The  Mahantango  (Hamilton)  shale  is  overlain 
by  beds  with  Tully  fossils  from  northwestern  Bedford  County  north 
and  east  through  Lycoming  County,  and  occurrences  have  been  seen 
in  Northumberland,  Columbia,  Luzerne,  Schuylkill,  Carbon,  Monroe 
and  Perry  counties.  In  these  sections  the  Tully  limestone  or  shale,  etc. 
rests  on  dark-gray,  buff-weathering,  clayey  Mahantango  shale.  The 
Tully  is  either  a massive  gray  or  curiously  banded  limestone  or  a limy 
shale  in  most  sections  where  the  contact  has  been  observed.  Although 
the  basal  Tully  is  sometimes  concealed,  never,  in  the  contact  expo- 
sures, has  a Hamilton-Tully  transition  been  unquestionably  estab- 
lished. The  Tully  may  be  absent,  whereupon  the  Burket  black  shale 
rests  upon  the  Mahantango  or  Moscow  facies  thereof ; but,  once  more, 
a sharp  lithie  change  is  observed  at  the  Middle-Upper  Devonian  con- 
tact. Dark-gray,  clayey  shale  underlies  fissile  black  beds  without 
observed  transition.  The  organic  change  is  also  distinct  from  the 
plentiful,  often  abundant,  Hamilton  fauna  to  the  very  meagerly 
populated  or  barren  Burket  beds.  I have  identified  the  Burket  east 
to  the  Lehigh  Valley  near  Lehighton  and  a remnant  is  also  present 
in  Monroe  County  north  of  Wind  Gap.  Its  absence  farther  east  is 
explained  on  the  basis  of  displacement  of  the  black  shale  facies  by 
the  more  coarsely  clastic  sediments  of  the  Trimmers  Rock  member 
and  its  plentiful  Ithaca  fauna,  with  or  without  Tully  elements. 

The  disappearance  of  the  Burket  eastward  robs  us  of  a convenient 
criterion  for  separating  the  Middle  from  the  Upper  Devonian,  for, 
the  Trimmers  Rock  sandy  beds  may  rest  upon  upper  Hamilton  rocks 
of  similar  lithology.  A remarkable  instance  of  separation  based  di- 
rectly upon  faunal  evidence  stands  out.  On  Brodhead  Creek,  north 
of  Stroudsburg,  Monroe  County,  Hypothryridina  venustula  occurs  in 
the  basal  Trimmers  Rock  in  association  with  Ithaca  fossils.  This 
occurrence  is  thought  to  correlate  the  basal  Trimmers  Rock  in  Monroe 
County  with  the  Laurens  in  New  York.  In  Monroe  County  the  Yitu- 
Una  zone  at  the  top  of  the  Hamilton  (Moscow  formation)  is  not  fully 
proved  below  the  “Laurens”,  nor  is  such  recorded  farther  east  in 
IVnnsylvania  to  the  Delaware  Valley.  The  Middle  and  Upper 
Devonian  in  eastern  Monroe  County  and  across  Pike  County,  there- 
fore, are  without  means  of  sharp  separation  because  of  elimination 
eastward  of  all  known  distinguishing  data.  The  adjacent  beds  of 
Hamilton  and  Portage  ages  are  of  essentially  like  lithology,  so  that 
here,  and  here  only,  in  Pennsylvania,  there  is  no  recognized  hard  and 
fast  line  of  separation  between  the  two.  Only  on  the  general  faunal 
aspect  may  we  infer  which  beds  are  Upper  and  which  are  Lower 
Devonian. 

It  must  be  added  that,  in  south-central  sections,  though  the  Vitulina 
zone  may  be  absent  from  the  top  of  the  Mahantango,  the  lithologic 
and  faunal  change  is  pronounced  and  sharp  either  into  the  Burket  or, 
where  that  is  absent,  as  in  parts  of  Fulton  County,  the  Harrell  or 
Brallier.  As  noted,  the  disconformity  here  is  probably  quite 
comprehensive.  These  sections  of  course  lack  Tully  limestone. 
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Summing  up  these  relations  from  the  Allegheny  Front  to  the  Dela- 
ware Valley  we  have : 

Allegheny  Fulton  Susquehanna  Lehigh  Brodhead  Upper  Delaware 

Front  County  Valley  Valley  Creek  Valley 

Tullj'  Brallier  Tully-Burket  Tullj’  “Laurens”  Trimmers  Eock 

Disconforniity ? Transition 

Mahantango  Mahantango  iMahantango  Moscow  Moscow  Moscow 

Contrary  to  the  lower  contact  of  the  Portage  group,  its  upper  limit 
is  often  far  from  well-defined.  “ Spirifer”  disjunctiis  is  common  in 
our  Chemung  and  later  marine  Devonian,  but  unknown  from  the 
Portage.  Therefore,  wherever  possible  the  top  of  the  Portage  group 
is  drawn  beneath  the  lowest  occurrence  of  this  brachiopod.  Through- 
out the  region  from  the  lower  Susquehanna  Valley  and  its  Xorth 
Branch  west  of  the  Anthracite  Fields  to  the  Allegheny  Front,  this 
criterion  is  constantly  present.  It  is  practically  the  sole  means  of 
differentiation  in  many  sections ; for,  in  general,  they  lack  litho- 
logic means  of  dift'erentiation.  "Where  the  Trimmers  Rock  sandstone 
is  succeeded  bj’  the  Chemung,  there  is  no  reliable  lithic  change.  Along 
the  Allegheny  Front  where  the  Portage  usually  ends  in  the  Brallier 
shale,  there  is  a lithologic  difference  between  it  and  the  Chemung. 
But,  without  the  supporting  evidence  of  paleontology,  it  cannot  be 
used  with  absolute  certainty.  Too  often  the  Brallier  carries  sand- 
stones and  the  Chemung,  shales,  which  confuse  the  issue.  This  is 
particularly  true  in  some  of  the  splendid  sections  in  Clinton  and 
western  Lycoming  counties.  Incidentally,  this  distinction  is  also  viti- 
ated in  Bedford  and  Fulton  counties  where  more  or  less  of  a remnant 
of  the  Parkhead  sandstone  of  Maryland  crowns  the  Portage  group. 
East  of  the  Susquehanna  River,  “Spirifer”  disjunctus  is  unknown 
save  in  some  minor  occurrences  in  western  Luzerne  and  west-central 
Dauphin  counties.  From  central  Dauphin  to  Port  Jervis,  New  York, 
so  far  as  I can  determine,  the  top  of  the  Trimmers  Rock  sandstone 
grades  up  into  continental  beds  whose  age  may  usually  be  demon- 
strated to  be  late  Portage  (236,  245,  250). 

Stratigraphy 

In  the  beginning  of  this  chapter  the  history  of  the  development  of 
the  use  of  the  term  Portage  in  Pennsylvania  was  reviewed  and  it  was 
shown  that  formations  of  this  age  were  early  recognized  by  Rogers 
as  the  CADENT  UPPER  BLACK  SLATE  and  (in  part  at  least)  the 
VERGEXT  FLAGS.  Nevertheless,  neither  the  First  nor  Second  Sur- 
veys left  a clear  account  of  the  group.  There  was  extant  no  com- 
plete description  of  the  Portage  group  and  lists  of  its  fossils  or  its 
surface  exposures  for  the  whole  of  Pennsylvania  prior  to  1935.  In 
that  year  my  “Portage  group  in  Pennsylvania’’  (245)  appeared 
following  my  brief  notes  in  the  Tully  (238,  240).  In  1937  I published 
a fuller  account  of  that  limestone  and  its  fauna  (255).  The  descrip- 
tion which  is  here  given  is  drawn  largely  from  my  Avritings.  The 
earlier  discussion  is,  hoAveA’er,  amplified,  though  only  slightly  modi- 
fied, because  of  findings  since  made  or  because  of  slight  changes  in 
point  of  A'ieAv. 
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The  Portage  group  in  Pennsylvania  is  divisible  into  several  units 
which,  Avliile  their  lithology  and  faunas  may  vary  greatly  among 
themselves,  are  nevertheless  near  relatives.  This  close  affinitj^  neces- 
sitates the  grouping  together  under  a single  heading  of  so  large  a 
part  of  the  Upper  Devonian.  While  this  grouping  might  not  be 
applicable  in  New  York,  a close  unity  exists  with  Maryland.  In  Penn- 
sylvania, intermediate  between  these  two  territories,  the  divisions 
cited  are  of  wide  geographic  distribution,  but  not  all  need  be  expected 
to  occur  in  a particular  section.  Their  geographic  ranges  are  not 
necessarily  coincident,  nor  are  their  geologic  ranges  uniform.  T repeat 
the  succession  of  the  Poidage  group  in  Pennsylvania: 

PORTAGE  GROUP 

Fort  Littleton  formation 
Parkhead  member 
Brallier  member* 

Trimmers  Rock  member-' 

Losb  Run  member 
Harrell  member 
Rush  formation 
Burket  member 
Tully  member 

•lust  how  far  we  should  go  in  using  the  term  formation  in  tlie 
above  classification  is  questionable.  There  is  a definite  line  of  separa- 
tion between  the  Burket  and  Harrell  so  that  the  use  of  the  terms  Fort 
Littleton  and  Push  in  the  sense  of  formations  is  convenient.  Most  of 
the  members  are  fully  capable  of  delineation  on  1:62,500  scale  maps. 
Many  of  the  members  disj^lay  lateral  and  vertical  intergradations 
which  make  a closely  knit  Avhole.  Tlie  Brallier  shale  and  the  Trimmers 
Rock  sandstone  are  respectively  off-  and  on-shore  equivalents.  The 
Harrell  gray  shale  may  not  be  sliarply  distinguished  from  the  green- 
ish Brallier,  either  faunallj^  or  lithologically,  at  their  contact.  The 
Losh  Run  is  merely  a thin  band,  in  some  places  a faunal  zone,  oceur- 
idng  chiefly  in  the  lower  part  of  the  Trimmers  Rock,  but  also  repre- 
sented in  -the  lower  Brallier. 

FORT  LITTLETON  FORMATION 

Parkhead  member.  The  Maiyland  Survey  recognizes  the  Parkhead 
sandstone  at  what  in  Pennsylvania  is  called  the  top  of  the  Portage 
group,  coming  as  it  does  directly  beneath  the  “ Spirifer”  disjunctus- 
bearing  basal  Chemung  beds.  It  is  usually  heavy  sandstone  with  inter- 
bedded  shale  and  conglomerate.  The  distinctive  fauna  is  said  to  be  a 
recurrent  Hamilton  facies.  It  is  characterized  by  Bhipidomella  van- 
nxemi  Hall,  Camarotoschia  congregata  var.  parkheadensis  Clarke  and 
Swartz,  “ Hpirifer”  mesacostalis  Hall  and  “ Spirifer”  marcyi  var. 
sKperstes  Clarke  and  Swartz.  The  member  is  knoAvn  in  Fulton  County 
and  doubtfully  occurs  in  Bedford  County,  where  the  uppermost  Por- 
tage bears  faunal  and  lithie  resemblance  to  the  Maryland  Parkhead. 
Northward,  however,  it  rapidly  loses  its  distinctive  features  and  fades 

* As  will  develop  below,  the  Brallier  and  Trimmers  Rock  and  certain  other  members 
are  more  or  less  complementary,  so  that  the  succession  here  quoted  need  not  be  taken 
too  literally  in  applying  the  law  of  superposition. 
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into  the  Brallier  shale.  Even  after  the  disappearance  of  the  charac- 
teristic, sandy,  lithology,  the  fauna  may  persist.  Tims,  near  Hunt- 
ingdon, I listed  (2-io)  its  most  northerly  occurrence  so  far  discovered; 

ParJchead  fauniile  from  niJiicnnoxt  Fortiujo  at  H ant ingdoit, 
Huntingdon  Countii 

Crinoidea,  columnals 
Rhipidomella  vanuxemi  Hall 

Camarotoechia  congregata  var.  parkheadon.'sifi  Clarke  and  Swartz 
C.  eximia  (Hall) 

Pugnax  pugnus  var.  oltus  Calvin 
Tropidoleptus  carinatiis  (Conrad j 
"Spirifer”  mesacostalis  Hall 
‘■s.-’  )nesastrialis  Hall 

Pleurotomaria  (Gijronial  cupiUurin  Conrad 
Gastropod'? 


Plwtor/raph  htj  George  11.  Ashleii 


Figure  52.  Trimmers  Rock  sandstone  exposed  on  Juniata  River  south  of 
Half  Falls  Mountain,  Perry  County.  Note  flaggy  character  of  sandstone 
interrupted  by  zones  of  storm  rollers. 


The  Parkhead  is  suspected  of  being  present  eastward  in  Perry  County. 
There  the  highest  beds  of  the  Trimmers  Rock  sandstone  take  on  a 
chocolate  hue  and  carry  Bhtpidomellu  vanuxemi  Hall,  Camarotcechia 
congregata  var.  parklieadensis  Clarke  and  Swartz,  Tropidoleptus  cari- 
natus  (Conrad)  and  “ Spirifer”  mesacostalis  Hall.  Spirifer”  marcyi 
var.  superstes  Clarke  and  Swartz  was  not  found  here.  Xo  more  east- 
erly occurrence  has  been  observed. 

Trimmers  Bock  member.  At  some  places  below  the  Parkhead. 
where  that  is  present,  but  forming  the  highest  member  of  the  Portage 
group  over  much  of  the  Suscpiehanna  and  the  Juniata  valley  is 
the  Trimmers  Rock  member.  On  the  Delaware  River  above  Mata- 
moras  and  thence  westward  into  central  Pennsylvania,  the  Portage 
group  is  dominated  by  this  thick  sandstone  member.  In  the  Susque- 
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hanna  and  lower  Juniata  valleys  ivliere  it  is  particularly  well  devel- 
oped, the  type  locality  is  Trimmers  Rock,  a prominent  hill  of  this 
sandstone  1%  miles  east  of  Newport,  Perry  County,  along  the  west 
side  of  the  Juniata  River.  The  Trimmers  Rock  is  typically  greenish- 
gray  or  gray,  flaggy  to  massive  sandstone  and  interbedded  gray  shale. 
Rather  fine  in  central  Pennsylvania,  it  tends  to  grow  coarse  eastward, 
though  probably  never  assumes  a conglomeratic  phase.  Its  hardness 
makes  it  a comparatively  important  ridge-  or  escarpment-maker. 
This  character  is  lost  as  it  grades  westward  into  the  Brallier  shale. 
The  Trimmers  Rock  is  a highly  fossiliferous  sandstone  bearing  an 
Ithaca  faunal  facies  indicated  by  the  following  list  compiled  from  col- 
lections by  Cleaves  and  me  from  Perry  County. 


('oiii po.sitc  T r'nnwcrst  Bock  foinia,  Jmuata  YuUcii,  Pcrrij  Coiintij 
(This  list  includes  probable  Parkhead  faunules) 


Coral,  indet. 

Crinoidea,  columnals 
Petalotnjpa  cf.  compressa  Ulrich 
Fenestella  sp. 

Bemicosc'niium  sp. 

Bryozoa,  indet. 

Stroplieodonta  cf.  deniiasa  (Conrad) 
S'.  iiKijiiuirdi  Clarke  and  Swartz 
Leptostrophia  perplana  var.  nervosa 
(Hall) 

Schuchertella  sp.  nov. 

Chonetcs  lepidiforniis  Clarke  and 
Swartz 

ProdvctcUa  lachrinnosa  (Conrad) 

P.  sp. 

RhipidomeUn  vanuxcmi  Hall 
R.  sp. 

Schizophoria  striatula  (Sclilotheim) 
Camarotoecliia  congregaia  (Conrad) 
Liorlignchus  glohuli forme 
( Vanuxem ) 

L.  cf.  quadricostatum  (Vanuxem) 
Tropidoleptiis  carinatus  (Conrad) 
Atrgpa  reticularis  (Linneus) 
“Spirifer”  mesastriaiis  Hall 


“S'.”  mueronatus  var.  posterns  Hall 
and  Clarke 

“S'.”  mesacostalis  Hall 
Aihyris  spiriferoides  (Easton) 
Brachiopod,  indet. 

Gramm i/sia  communis  Hall 
G.  sp. 

NucAila  corhuliformis  Hall 
V.  sp. 

Nuculites  cf.  oMongatns  Conrad 
Palaeoneilo  hrevis  Hall 
Pterinea  ciiemungensis  (Conrad) 

P.  prora  Hall 

Ectodesma.  hirostratuni  Hall 
E.  sp. 

Liopteria  sp. 

Pelecypod,  indet. 

ReUerophoii  cJarlci  Clarke  and 
Swartz 

B.  nacfoides  Clarke  and  Swartz 
Huc(inopsin  macria  (Conrad) 
Diaphorostoma  Imeatum  (Conrad) 
Tentaciilites  descissus  Clarke  and 
Swartz 

T.  spicuius  Hall 


Because  of  the  fauna  and  its  stratigraphic  position,  this  sandstone 
has  been  referred  to  as  the  “Ithaca”  by  some  writers,  but  I am 
disinclined  on  various  grounds  to  use  the  name.  In  Northumberland, 
Snyder,  Juniata  and  Perry  counties  and  thence  into  ad.iacent  portions 
of  surrounding  areas,  these  strata  occupy  practically  the  entire  Por- 
tage group  with  comparatively  little  shale  intervening  between  their 
base  and  the  top  of  the  Mahantango  with  its  Hamilton  fauna.  Above, 
the  Chemung  or  Catskill  caps  the  Trimmers  Rock  save  for  probably 
a little  Parkhead  in  eastern  Perry  County.  The  Losh  Run  shale  com- 
ing at  or  near  the  base  of  the  sandstone  is  probably  Sherburne  in 
age,  and  there  is  no  distinct  Enfield.  Admitting  that  the  Trimmers 
Rock  may  be  a partial  equal  of  the  Ithaca  in  New  York,  it  is  quite 
probable  that  a correlation  may  eventually  be  established  between 
the  Enfield  and  some  of  our  shaly  Portage  beds.  But,  more  prob- 
ably, the  Trimmers  Rock  is  the  correlate  of  the  Enfield,  the  Ithaca, 
and  a large  part  at  least  of  the  Sherburne. 
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111  most  sections  of  central  Pennsylvania  the  Trimmers  Rock  sand- 
stone is  set  off  from  the  Chemung  only  by  the  occurrence  of  '‘Spir- 
if.er”  disjunctus  in  the  latter.  Seiiaration  otherwise  would  be  difficult 
from  Lycoming-  soiitlnvard.  Usually  the  base  of  the  Trimmers  Rock 
can  be  assigned  upon  lithic  and  faunal  grounds.  The  Losh  Run  and 
a thin  remnant  of  the  basal  Brallier  afford  a sharp  lithic  contrast  in 
the  lower  Susquehanna  Valley,  but  in  western  Lycoming  and  parts 
of  Huntingdon  County,  etc.,  there  may  be  considerable  intertongiiing 
between  the  Brallier  and  Trimmers  Rock.  In  the  Susquehanna  Valley 
the  Losh  Run  begins  to  assume  the  lithology  and  fauna  of  the  Trim- 
mers Rock  and  so  is  soon  lost.  Eastward  from  the  Susquehanna,  the 
Trimmers  Rock  sandstone,  consequently,  comes  to  rest  upon  still 
lower  shales;  but  the  Brallier  and  Harrell  are,  like  the  Losh  Run. 
almost  immediately  supplanted  by  the  sandy  facies  with  Ithaca  spe- 
cies. Still,  the  sandstone  continues  to  rest  upon  the  black  Burket  shale 
as  far  as  Avestern  Monroe  County,  A\diere  it  too  grow-s  sandy  and  is 
soon  lost. 


Composite  Trimmers  Rock  fauna  from  south-central  Schuylkill 

County. 


Aulopora  sp. 

Crinoidea,  columnals 
Fenestella  sp. 

Bryozoa,  indet. 

Lingula  sp. 

Stropheodonfa  dcmissa  (Conrad) 
Chonetes  vicinus  (Castelnau) 

G.  sp. 

Rhipidomella  vanuxnui  Hall 
R.  sp. 

Schizophoria  striatula  (Schlotlieim) 
Camarotoecliia  congregala  var.  Park- 
headensis  Clarke  and  Swartz 
C.  horsfordif  (Hall) 

C.  sp. 

Liorhynchus  mesacostalc  Hall 
L.  globuliforme  (A^anuxem) 
Tropidoleptus  carmatvs  (Conrad) 
Atrypa  reticularis  (Linneus) 

Cyrtiiia  hamiltonensis  Hall 
C.  sp. 

“Spirife^"  mesastrialis  Hall 
“S.”  mucronatus  var.  posterns  Hall 
and  Clarke 

mesacostalis  Hall 
Gram  in  ysia  sp. 

Sphenotus  sp. 

Nucula  coriuliformis  Hall 
y.  bellistriata  (Conrad) 
y.  sp. 

Niiculites  oblongatus  ? Conrad 


Palaeoneilo  pinna  Hall 
P.  eniarginata  ? (Conrad) 

P.  ten  uistr lata  ? Hall 
Leptodesina  rogersi  ? Hall 
L.  longispinum  ? Hall 
L.  lichas  Hall 
L.  sociale  Hall 

L.  sp. 

Modiella  pygmaea  (Conrad) 
Arthwdesina  cf.  erectum  (Conrad) 
Actinopteria  sp. 

Sell  hod  us  sp. 

Modiomorpha  concentrica  (Conrad) 

M.  sp. 

Cypricardella  tenuistriata  (Hall) 

C.  sp. 

Paracyclas  lirata  (Conrad) 

P.  sp. 

Pterinopecten  sp. 

Pelecypoda,  indet. 

Pleurotomaria  (Gyroina)  capillarin 
Conrad 

Plutyccrns  sp. 

Tentaculitcs  spiculus  Hall 
T.  sp.  nov. 

Gasiropod.  indet. 

Trilobite,  indet. 

Echinocaris  (?)  sp.  nov. 

Rkinocaris  columbina  Clarke 
Ostracoderm  fragments,  indet. 
Plantae,  fragments 


With  the  final  disappearance  of  the  Burket  easttvard  betAveen 
Brodhead  Creek  and  the  Lehigh,  the  Trimmers  Rock,  as  noted  in 
discussing  the  basal  Portage  contact,  rests  directly  upon  the  highest 
beds  of  Middle  DeAmnian  age,  the  Mahantango  formation  Avith  its 
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Moscow  faunal  facies.*  The  separation  is  not  always  completely  clear. 
Nevertheless,  I cited  the  occurrence  on  Brodhead  Creek  in  Monroe 
County  of  Tully  elements  mingled  with  the  Ithaca  fossils  in  the  base 
of  the  Trimmers  Rock  sandstone.  In  this  section  a composite  fauna 
from  the  top  of  the  Hamilton  includes; 


Crinoidea,  columnals 
Atrypa  reticularis  (Linneiis) 
"Spirifer'^  mvcronatus  (Conrad) 
“S'.”  granulosus  (Conrad) 

“S.”  an  gust  ns  (Conrad) 

Vitulina  pustiilosa  Hall 


Gramnigsia  arvuata  (Conrad) 
Cephalopod,  indet. 

Phacops  cf.  ran  a (Green) 
G'-eenops  (Gryphaeus)  hoothi 
(Green) 


The  Portage-IIamilton  contact  is  not  satisfactorily  exposed.  At  the 
intersection  of  State  Highways  90  and  190  south  of  Analomink  the 
following  faunule  with  Tully  elements  was  obtained  in  sandstone  73 
feet  thick  and  54  feet  above  the  top  of  the  supposed  Vitulina  zone  of 
the  Hamilton: 


Trinoidea,  columnals 
PenesteUa  sp. 

’xhipidoinella  vanuxemi  Hall 
lUinwrotoechia  orbicularis  (Hall) 
G.  exiniia  (Hall) 

Liorhynclius  mesacostale  (Hall) 
Eypothyridina  venustula  (Hall) 
Vitulina  pustiilosa  Hall 


'‘Spirifer”  mucronatus  var.  posterns 
Hall  and  Clarke 
“S.”  sp. 

Echinocoelia  ambocoeUoides  Cooper 
and  Williams 

Pleurotoniaria  (Gyroma)  capillaria 
Conrad 


The  interesting  and  exceptional  feature  is,  ot  course,  Tlypothy- 
ridiiup  but  the  general  faunal  aspect  suggests  the  Laurens  of  eastern 
New  York.  More  will  be  said  of  this  unique  oeeurrence  in  the  com- 
ments on  the  Tully. 

Still  farther  east  in  Pike  County,  the  Portage-IIamilton  faunal  sepa- 


ration is  increasingly  difficult, 
enigmatic  situation. 

Crania  (?)  sp. 

Liorhynclius  cf.  mesacostale  Hall 
"Ppirifer”  mesast rialis  Hall 
Orthonota  carinata  Conrad 
Grammysia  suharcuata  Hall 
Palaeoneilo  plana  Hall 
P.  eniarginata  (Conrad) 


Geratopora  jaclcsoni  Grabau 
Crinoidea,  columnals 
Bryozoa,  indet. 

Roemerella  grandis  (Vanuxem) 
Lingulella  planlformis  (Hall) 
Orhiculuidea,  sp. 

Leptostrophia  perplana  (Conrad) 
atroplieodonta  sp. 

Ghonetes  vicinus  (Oastelnau) 
Rhipidomella  vanuxemi  Hall 
Gamarotoechia  proloflca  Hall 


The  following  lists  illustrate  this 


1 - 

Leda  diversa  Hall 
Actinopteria  hoydi  (Conrad) 
Paracyclas  lirata  (Conrad) 
Pelecypod,  indet. 

Gastropod,  indet. 

Eomalonotus  dekayi  (Green) 
Psilophytoii  princeps  Dawson 

3 - 

G.  horsfordi  (Hall) 

Tropidoleptus  carinatus  (Conrad) 
“Spirifer”  mucronatus  (Conrad) 
“S.”  granulosus  (Conrad) 

“S.”  audaculus  (Conrad) 

“S.”  augustus  Hall 
Athyris  cf.  cora  Hall 
Aviculopecten  faciculatus  Hall 
Paracyclas  lirata  (Conrad) 
Pelecypod,  indet. 

Plantae,  fragments 


• The  truly  facies  character  ot  the  Trimmers  Rock  sandstone  is  here  illustrated. 
Although  defined  as  a member  of  the  Fort  Littleton  formation,  it  is  here  observed  to 
displace  the  eastern  remnant  of  the  Rush  formation. 
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Chonetes  lepidus  ? Hall 
Caniarotoechia  horsfordi  (Hall) 
Scliizophoria  striatvla  (Schlotheim) 
“Spirifer"  mucronatus  (Conrad) 
“S.”  mesastrialis  ? (Hall) 
Fhthonia? 

Gramniysia  Msnlcata?  (Conrad) 


Palaeoneilo  emarginata  (Conrad) 
Liopteria  conradi  Hall 
L.  sp. 

Nijassa  arguta  ? Hall 
Actinopterm  suhdecussata  Hall 
.1.  iogdi  (Conrad) 

A.  epsilon  ? Hall 

CypricardeUa  hellistriata  (Conrad) 


The  first  of  the  three  foregoing  lists  is  quite  certainly  of  pronounced 
Ithaca  affinities;  the  second  is  a Hamilton  facies  from  beds  not  far 
above  the  thick  Marcellus.  The  third  of  the  three  lists  is  question- 
able. It  might  be  called  upper  Hamilton  in  age,  but  it  possesses 
elements  leaning  toward  the  Portage.  For  example,  observe  the 
pelecypods  Palaeoneilo  amarginata  and  Actinopteria  hoydi.  The  list 
of  pelecypods  in  this  faunule  is  longer  than  is  common  in  the  upper 
Hamilton  beds.  The  rather  sudden  injection  into  the  fauna  of  many 
genera  of  this  class  of  organisms  seems  to  be  the  only  basis  to  dif- 
ferentiate the  Middle  and  Upper  Devonian  in  this  part  of  the  State. 

The  Trimmers  Rock  sandstone  attains  a maximum  thickness  of 
approximately  3000  feet  in  eastern  Lycoming  County  (see  Figure 
65).  This  prominence  is  maintained  south  and  east,  but  the  member 
thins  westward  as  it  laps  over  its  off-shore  complement,  the  Brallier 
shale,  and  finally  disappears  from  most  sections  on  the  Allegheny 
Front  (c/.  fig.  64).  East  of  the  Susquehanna  Valley,  the  mai’ine 
Chemung  is  practically  unknown,  for  the  only  recognized  occurrences 
of  “ ^pirifer”  disjunctus  are  in  western  Luzerne  and  west-central 
Dauphin  counties.  Instead,  the  Trimmers  Rock  grades  upward  into 
succeeding  continental  beds  of  the  Catskill  facies,  generally  of  late 
Portage  age.  As  such,  since  they  are  not  necessarily  red  (they  may 
be  green  or  brown),  they  are  assignable  to  a thin,  westward  remnant 
of  the  Delaware  River  flags  of  our  northeastern  section.  This  matter 
is  fully  discussed  in  the  description  of  the  continental  Devonian, 
Chapter  VIII. 

Losli  Run  member.  The  Trimmers  Rock  sandstone  in  the  Susque- 
hanna Valley  from  Lycoming  County  on  the  west  to  Luzerne  on  the 
east,  south  to  Perry  County,  and  westward  to  Huntingdon  and  per- 
haps into  Pulton  County,  rests  upon  or  includes  close  to  its  base  what 
I have  called  the  Losh  Run  member.  It  was  named  for  a small  stream 
in  Perry  County  which  enters  the  Juniata  River  from  the  west  5 
miles  north  of  Duncannon.  Locally,  this  member  is  finely  sandy,  but 
usually  it  is  a dark-gray  to  brown  shale  which  weathers  rusty-brown. 
It  breaks  into  blocks  exhibiting  an  irregular,  almost  conehoidal  frac- 
ture without  regard  to  bedding  or  joints.  This  uniform  shale  main- 
tains an  average  thickness  of  about  ten  feet.  Besides  its  character- 
istic and  distinguishing  lithology,  it  carries  a fauna  encountered  in 
no  other  of  our  Upper  Devonian  members.  Crinoid  fragments  are 
locally  abundant  and  Cladochonns  humilis  Clarke  and  Swartz  (or  a 
nearly  related  species)  and  Becticidaria  laevis  (Hall)  predominate. 
This  shale  is  a splendid  datum  over  a rather  isolated  province.  Its 
relatively  restricted  geographic  distribution  does  not  embrace  the 
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Allegheny  Front  where  it  would  be  oi  great  value  in  determining 
the  exact  correlation  of  the  lower  part  of  the  Brallier.  One  example, 
however,  was  found  near  Shade  Valley,  southeastern  Huntingdon 
County  where  the  Losh  Run  fauna  occurs  not  far  above  the  base  of 
the  Brallier  (see  Figure  65).  If  this  is  sj'-nehronous  with  eastern 
occurrences  it  supports  the  evidence  that  the  lowest  part  of  the 
Brallier  in  this  region  is  the  equivalent  of  the  basal  Trimmers  Rock 
to  the  east.  This  correlation  helps  to  tie  in  these  two  complementary 
members.  The  Losh  Run  member  was  not  found  east  of  the  Susque- 
hanna save  locally  on  the  North  Branch.  A more  diversified  fauna 
of  Ithaca  species  invades  it  eastward.  Evidently  it  passes  into  the 
Trimmers  Rock.  This  faunal  change  is  illustrated  by  the  following 
list  from  Northumberland  County : 

C'ladochonus  linmiUs  Clarke  and  Swartz 
Crinoidea,  columnals 

Leptostrophia  perplana  var.  altervata  Clarke  and  Swartz 
DouvUUna  sp. 

Chonetes  scitulus  Hall 
C.  lepkhis  Hall 
RhipidomelJa  vanuxemi  Hall 
HcticuUn-ia  laeris  (Hall) 

Echinocoelia  ainhocoeUoides  (?)  Cooper  and  Williams 
Cephalopod,  indet. 

Even  the  doubtful  occurrence  of  Echinocoelia  amhocoelioides  Cooper 
and  Williams  here  is  interesting,  for  it  was  found  also  in  the  Laurens 
faunule  in  Monroe  County  and  is  abundant  in  many  Tully  outcrops 
in  Pennsylvania.  , 

Brallier  memiber.  The  Second  Pennsylvania  Survey  recorded  lithic 
differences  among  the  strata  between  what  they  called  “Genesee” 
and  “Chemung.”  Curiously,  this  was  the  limit  of  their  progress. 
Only  when  Butts  in  1905  (19)  applied  to  the  post-“ Genesee”  Portage 
shales,  the  term  Nunda  for  which  he  later,  1918,  (22)  substituted  the 
better,  local  term  Brallier,  did  systematic  subdividing  of  the  shaly 
phase  of  the  Pennsylvania  Portage  start.  Butts’s  original  description 
of  the  succession  near  Altoona  is  of  wide  application.  The  Brallier 
extends  along  the  Allegheny  Front,  having  there  a thickness  of  about 
2,000  feet  and  then  thins  eastward  into  the  valley  of  the  Susquehanna, 
practically  its  eastern  limit.  In  most  exposures  and  where  char- 
acteristically developed,  the  Brallier  is  a fine  shale  Avhich  has  a 
tendency  to  break  into  thin  slabs  coincident  to  the  extremely  smooth 
bedding  surfaces.  Sandstone  beds  are  not  exceptionally  rare,  how- 
ever, and  many  thin  ones  may  alternate  with  the  typical  shale.  The 
member  is  green,  gray-green  to  gray.  Invertebrate  fossils  are  few, 
but  often  one  finds  large  numbers  of  finely  comminuted  black  shreds 
and  specks  of  plant  fragments  on  the  bedding  surfaces.  Also  there 
occurs  the  curious  “annelid”  trail  Pteridichnites  Mseriatus  Clarke 
and  Swartz.  Less  distinctive  and  unnamed  trails  also  are  known.  It 
should  be  observed  that  Pteridichnites  has  not  been  found  in  the 
highest  part  of  the  Brallier,  nor  it  is  recorded  from  the  fully  de- 
veloped, sandy  Trimmers  Rock  member,*  and  it  is  rarely  found  in  the 

* A dubious  specimen  was  found  by  me  in  Schuylkill  County  in  the  fall  of  1937. 
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underlying  Harrell  shale.  For  these  reasons  it  is  a fair  guide  fossil 
to  the  Brallier.  Close  correlation  of  the  Brallier  is  hindered  by  lack 
of  fossils.  The  occasional  stray  Ithaca  forms  and  rare  occurrences 
of  Naples  elements  are  of  little  more  than  general  application. 

East  of  the  Susquehanna  Kiver  Valley,  the  Brallier  shale  has  not 
been  identified.  Along  that  river,  its  best  exposures  are  in  central 
Pennsylvania,  particularly  on  the  tributary  creek  valleys  in  Lycoming 
County  and  soutlnvestward  into  Bedford  and  Fulton  counties.  ’What 


Photograph  hy  Bradford  Witlard 


Figure  53.  Section  along  the  Juniata  River  south  of  Half  Falls 
Mountain,  Perry  County.  The  interbedded  sandstone  and  shale 
at  the  extreme  right  are  Brallier  (Dphr).  Passing  down  (away 
from  observer)  the  next  beds  are  Harrell  (Dphl).  The  automobile 
is  parked  at  the  top  of  the  Burket  black  shale  (Dpbk).  At  end 
of  cut  beyond  car  is  exposed  the  Tully  limy  shale  (Dt)  in  contact 
with  the  Vitulina  zone  at  top  of  Mahantango  shale  (Dh).  Opposite 
small,  square,  white  signboard  at  the  guard  fence  at  “Dh”  is  top  of 
Montebello  sandstone. 

is  perhaps  the  easternmost  typically  developed  exposure  was  dis- 
covered in  cuts  on  State  IligliAvay  17  between  Millerstown  and  Liver- 
pool, Perry  County.  Brallier-like  shale  is  found,  however,  here  and 
there  in  the  more  eastern  Trimmers  Rock  sandstone. 

Harrell  member.  Beneath  the  Brallier  is  Butts’s,  1918,  Harrell 
shale.  The  name  is  here  applied  in  a modified  sence  through  separa- 
tion from  the  Burket.  It  is  thinner  and  faunally  and  lithologically 
different  from  the  overlying  Brallier.  The  Harrell  is  fine,  dark-gray 
(Butts  calls  it  “dove”)  to  nearly  black  shale,  weathering  brownish 
to  buff.  Some  platy  beds  occur.  P’ossils  are  plentifid — tiny  pelecy- 
pods,  schools  of  pteropods  and  coiled  celphalopods — a Naples  fauna. 
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Barrel  faumtle  from  Saltillo,  Huntingdon  County 


Pteridichnites  loiseriatvs  Clarke  and 


Paracardium  doris  Hall 
Styliolina  fissurella.  (Hall) 

Coleolus  sp. 
riyolithes  sp. 

Hactrites  graciliur  Clarke 
Manticoceraft  patemoni  (Hall) 

.1/.  sp. 

Probeloccras  lutheri  (Clarke) 
ri/rtocli/nienia  ncapoiltnna  (C'lark'e ) 
Plantae,  fragments 


Swartz 

Lumilicardium  encrinitvm  Clarke 
Pteroohaenia  sinuosa  Clarke 
P.  cashaquae  Clarke 
P.  fragilis  (Hall) 

P.  fragilis  var.  nov.  ? 

Posidonia  mesncostalis  (Williams) 
Ontaria  sp. 

Ruchiola  retrostriata  (von  Bucli) 


The  wide  distribution  of  the  Harrell  .shale  is  nearly  identical  witli 
that  of  the  Brallier  between  the  Allegiieny  Front  and  the  Susque- 
hanna Valley,  east  of  which  it  practically  disappears  through  assum- 
ing a Trimmers  Rock  lithology  and  an  I-tliaca  fauna.  New  highway 
‘cuts  across  Weir  Mountain  in  western  Monroe  County  reveal  a little 
dark  shale  with  a few,  sporadic  Naples  fossils  below  the  Trimmers 
Rock.  The  thickness  is  fairly  uniform,  rarely  exceeding  60  or  falling 
below  40  feet.  Such  rather  remarkable  constancy  suggests  uniform, 
widespread  conditions  of  sedimentation  similar  to  those  postulated, 
hereafter  for  the  finderlying  Burket.  In  this  it  contrasts  strikingly 
with  the  remaining  Fort  Littleton  members.  The  widespread  fauna 
has  few  variants.  The  following  list  was  taken  on  Fiddlers  Run, 
Northumberland  County,  69  miles  east  from  the  occurrence  of  the 
preceding ; 


The  Harrell  is  included  in  the  Fort  Littleton  formation  upon  lithic 
and  faunal  grounds.  It  intergrades  with  the  Brallier,  and  stragglers 
of  its  Naples  fauna  survive  in  the  younger  beds.  On  the  other  hand, 
the  Harrell  is  in  much  sharper  contact  with  the  Burket,  for  which 
reason  I have  separated  them,  contrary  to  Butts’s  original  usage. 
Along  the  New  York  Central  Railroad  in  southeastern  Lycoming 
County  where  the  line  follows  the  east  bank  of  the  West  Branch  of 
the  Susquehanna  River  below  Larrys  Creek  Station,  an  excellent  ex- 
posure shows  these  relations.  Below  the  Losh  Run  shale  on  the 
Juniata  River  in  Perry  County,  the  here  arenaceous  Harrell  and 
Brallier  blend  closely  and  must  pass  over  eastward  into  the  basal 
Trimmers  Rock,  but  the  Burket  does  not  follow  suit  immediately. 


Burket  member.  Because  Chadwick  has  elevated  Genesee  to  a 
group  term  and  because  of  the  now  recognized  stratigraphic  succes- 
sion for  the  lower  Portage  in  Pennsylvania,  the  name  Genesee  is 
dropped.  A long  range  correlation  with  the  Geneseo,  lowest  division 
of  the  Genesee  group  of  New  York,  is  too  hazardous.  Butts  (22) 
has  proposed  the  name  Burket  for  this  black  shale  at  or  near  the 
base  of  the  Portage  group.  This  suggestion  is  adopted  except  that  he 


Ear-'-ell  fnirnvlc,  Fiddcrs  Run,  Northumheo'land  County 


Ceratopora  sp. 

Crinoidea,  coliimnals 
Pterocliaenia  fragilis  (Hall) 
Buchiola  retrostriata  (von  Buck) 


Paracardium  doris  Hall 
Pleurotomaria  ? 

Styliolina  fissurella  (Hall) 
Proheloceras  lutheri  Clarke 


RUSH  FORMATION 
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defined  it  as  a variation  or  subdivision  at  tlie  base  of  the  Harrell,  and 
I disting-nisli  it  as  the  upper  member  of  the  Rush  formation  (245), 
thereby  setting  it  off  distinctly  from  the  Harrell  which  is  placed  in 
the  Fort  Littleton  formation.  Its  distinctive  lithologic  and  faunal 
character,  its  lack  of  close  relationship  to  the  Harrell  and  its  affinity 
to  the  Tnlly  warrant  such  a step.  Faunal  lists  by  the  Second  Survey 
for  the  “Naples”  and  “Genesee”  in  Pennsylvania  indicate  that  the 
Harrell  and  Burket  were  grouped  together.  In  Maiwland  the  list  of 
fossils  assigned  the  “Genesee”  indicates  their  adoption  of  a restricted 
use.  That  is,  the  “Genesee”  of  Maryland  equals  onr  Harrell  to  the 
exclusion  of  the  Burket  which,  it  is  altogether  probable,  is  absent  in 
Maryland.  The  Burket  is  present  at  Everett,  Bedford  County,  but 
only  15  miles  south  at  Chaneysville  an  exposure  shows  the  Harrell 
in  disconformable  contact  with  the  Mahantango  shale  with  a Hamilton 
faunule.  This  is  probably  the  counterpart  of  the  Maryland  situation. 

The  Burket,  like  the  Harrell,  is  thin,  seldom  exceeding  40  feet, 
usually  only  20  feet.  Exceptional  thicknesses,  as  along  the  east  bank 
of  the  Juniata  in  Perry  County,  exceed  100  feet.  The  Bnrket-Har- 
rell  contact  is  fairly  sharp.  Where  the  Burket  rests  upon  beds  of 
Hamilton  age,  there  is  an  unmistakable  hiatus,  a feature  already 
mentioned  in  describing  the  basal  contact  of  the  Portage  group. 
Where  the  Burket  is  separated  by  Tully  limestone  from  the  top  of 
the  Middle  Devonian,  the  black  shale  and  limestone  are  clearlj’  transi- 
tional (Figure  55),  Avith  the  Hamilton-Portage  break  transferred  to 
the  base  of  the  Tully. 
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t igure  o4.  Sketch  map  shoeing  dislributiuii  ol  Tullj  in  reiiitsyKauia. 

Tully  member.  The  Second  Pennsylvania  Survey  reported 
“Tully”  limestone,  but  listed  no  characteristic  fossils.  So  far  as  can 
be  determined,  none  of  their  localities  is  true  Tully.  Still,  they  may 
liBAm  actually  found  Tully  organisms,  for  all  of  their  ex])osures  cannot 
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be  rediscovered,  and  the  original  material  collected  is  not  all  avail- 
able for  restudy.*  The  earliest  record  of  the  finding  of  a diagnostic 
Tully  fossil  in  Pennsylvania  {Chonetes  aurora)  appears  to  be  that 
of  Butts  in  1918  (22).  Kindle  (126)  in  1906  probably  found  this 
same  zone,  but  his  statement  is  not  fully  convincing.  Until  1934, 
this  record  remained  unique.  Then  (238)  and  subsequently,  I re- 
ported Tully  limestone  and  fossils  widely  distributed  through  much 


Photograph  hy  Bradford  Willard 


Figure  55.  Tully-Burket  transitional  contact  on 
Susquehanna  River  south  of  Larrys  Creek,  Lycom- 
ing County.  Black  shale,  left;  limestone,  right; 
hat  marks  transition. 

of  middle  Pennsylvania  (255).  Its  known  outcrop  is  shown  in  the 
sketch  map,  Figure  54. 

The  Tully  limestone,  as  explained  above,  is  here  taken  to  mark 
the  base  of  the  Upper  Devonian.  Most  of  its  occurrences  are  con- 
fined to  the  sweep  of  Devonian  formations  which  folloAVS  the  curve 
of  the  Allegheny  Front,  between  Bedford  and  Lycoming  counties. 
In  northeastern  Bedford  County,  eastern  Perry,  east-central  North- 
umberland, Columbia,  Luzerne,  Carbon  and  Schuylkill  counties  the 

* I have  personally  reviewed  the  collections  at  the  Philadelphia  Academy  of  Natural 
Sciences  with  only  negative  results. 


PORTAGE  GROUP 


221 


fauna  occurs,  nsnally  in  shaly  strata.  A unique  instance  of  Tally 
fossils  in  the  base  of  the  Trimmers  Rock  sandstone  has  been  mentioned 
from  Monroe  County  (locality  28).  In  southern  Bedford  County 
(localities  1,  2,  3 and  4)  neither  limestone  nor  fauna  is  known.  From 
there  to  Maryland  the  Middle  Devonian  is  disconformably  overlain 
by  either  the  nearly  barren  Burket  black  shale  or  the  gray  Harrell 
with  its  Najiles  fauna.  In  parts  of  Fulton  County,  even  the  greenish 


Photograph  hy  Bradford  Willard 

Figure  o6.  Tully  limestone  exposed  in  road  cut 
east  of  Eichelbergertown,  Bedford  County.  White 
bags  mark  limits  of  the  limestone;  at  left  is  top  of 
Hamilton  shale;  Burket  black  shale  shows  at  right. 


Brallier  rests  on  the  Mahantango  (Hamilton).  Sometimes  the  Tully 
is  shaly  in  its  higher  beds  and  grades  into  the  Burket.  Where  "I he 
upper  Tully  is  more  massive,  the  contact  with  the  Burket  is  sharper, 
though  probably  everywhere  transitional.  The  basal  part  of  the 
Tully  may  be  limestone  or  shale.  Where  the  base  has  been  observed 
in  Pennsylvania  it  is  in  disconfonnity  with  beds  of  Hamilton  age. 

At  locality  5 ( Tatesville)  along  the  Huntingdon  and  Broad  Top 
Railroad,  a cut  exposes  two  limestones,  2 feet  and  2 inches  thick, 
separated  by  60  feet  of  gray  shale.  Both  limestones  carry  Chonetcs 
au)  ora  with  several  other  fossil  species.  Beneath  the  lower  are  sliales 
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of  Hamilton  age,  and  above  the  upper  is  the  Burket.  Here,  and  here 
only,  has  a split  or  recurrence  of  the  limestone  been  seen.  Tully 
conditions  of  sedimentation  and  Tully  fossils  repeat,  separated  by  a 
mud-forming  interval.  Tatesville  is  at  the  southern  end  of  a narrow, 
elongated  outlier  of  the  Tully  in  eastern  Bedford  County.  South  of 
Everett,  the  Burket  black  shale  rests  directly  upon  the  Hamilton  with 
no  vestige  of  intervening  limestone.  North  of  Tatesville,  at  locality  7 
near  Eichelbergertown,  the  Tully  shows  in  a road  cut.  There  are 
here  2i/k  feet  of  the  rock  between  Burket  and  Hainiltou  shales. 
Probably  the  band  of  Tully  extends  no  farther  north,  as  it  is  not 
known  at  this  longitude  in  Iluntingdon  County.  This  is  the  eastern- 
most occurrence  so  far  south. 

The  Tully  member  does  not  occur  much  south  of  Schellsburg  in 
Bedford  County,  but  maintains  a fairly  uniform  thickness  north  of 
that  village.  At  Centennial  School  (locality  10)  and  in  Dunning 
Creek  Valley  at  locality  11,  3 feet  show.  Pour  feet  of  limestone 
and  eight  of  underlying  Tullj^  shale  above  the  Hamilton  have  been 
recognized  at  locality  12  at  Imler.  The  member  thins  slightly  north 
into  Blair  County  to  about  2 feet  at  Sproul  (locality  13).  Butts 
recorded  a foot  of  limestone  at  the  top  of  Ihe  Hamilton  near  Altoona 
(locality  15).  Northward  the  thickness  increases  gradually  to  not 
less  than  7 feet  in  highway  cuts  near  Port  Matilda  (locality  IH), 
and  on  the  same  road,  U.  S.  Koute  220,  2 miles  east  of  llnionville 
at  locality  17,  there  is  30  feet  of  Tulljc  There  is  32  feet  of  lime- 
stone on  Bald  Eagle  Creek  near  Curtin  (locality  18)  to  which  thick- 
ness may  be  added  3 or  1 feet  of  limy  shale  between  the 
massive  limestone  and  the  Burket  shale.  This,  incidentally,  is  one  of 
the  best  exposures  of  the  Tully  in  south-central  Pennsylvania. 
Thirty  feet  seems  a fair  estimate  of  the  thickness  in  a rather  poor 
exposure  in  a highway  cut  near  Blanchard  (locality  19).  At  locali- 
ties 16,  17,  18,  and  19  along  the  north  side  of  Bald  Eagle  Valley  are 
exposures  of  Tully  which  for  years  was  mistakenly  mapped  as  Helder- 
berg.  That  group,  however,  is  confined  to  the  southeast  side  of  the 
valley  and  is  separated  from  the  Tully  by  probably  not  less  than 
1200  feet  of  Oriskany  and  Middle  Devonian  beds.  The  Tully  in  this 
region,  particularly  Avhere  deeply  weathered,  may  be  easily  mistaken 
for  the  Onondaga  unless  due  cognizance  is  taken  of  the  diagnostic 
faunas. 

Continuing  north  into  Clinton  and  Lycoming  counties,  a remark- 
able thickening  of  the  Tully  is  observed.  From  an  estimated  mere 
30  feet  at  Blanchard,  the  aggregate  of  limestone  and  shale  jumps  to 
not  less  than  200  feet  at  Lockport  across  the  Susquehanna  Kiver  from 
Lock  Haven  (locality  20).  As  the  horizontal  distance  involved  is  but 
10  miles,  the  change  is  all  the  more  surprising.  This  remarkable 
thickness  continues  eastward  for  15  miles.  A partial  section  in  a 
quarry  north  of  the  railroad  at  Jersey  Shore  shows  at  least  75  feet 
of  the  limestone.  Along  State  Highway  41  at  the  second  bridge 
across  the  Susquehanna  east  from  Jersey  Shore  about  100  feet  of 
Tully  shows  in  the  river  bank.  The  base  and  between  one-  and 
two-thirds  of  the  lower  portiion  of  the  member  are  hidden,  and  the 
whole  is  considerably  faulted  and  twi.sted  (locality  21,  Figure  59). 
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Phntnfnnph  hii  Biridfonl  Willard 


Figure  57.  Ancient,  long-abandoned  kiln  (note  trees  growing  from 
top)  in  which  Tully  limestone  was  burned,  near  Schellsburg.  Bedford 

County. 


Photograph  bp  Bradford  Willard 


Figure  58.  Shaly,  uppermost  Tully  on  Bald  Eagle  Creek  near  Curtin 

Centre  County. 
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Photof/rnpli  hy  Bradford  Willard 

Figure  59.  Tully  exposerl  along  the  Susquehanna  River  at  secomi 
highway  bridge  on  State  Route  44  east  from  Jersey  Shore,  Lycoming 
County,  Burket  hlack  shale  in  the  high  hluff,  left,  the  contorted  lime- 
stone in  center  and  right. 


Phofor/raph  by  Bradford  M'illard 

Fifftire  60.  Tully  in  cut  at  South  Danville,  Northumberland  County. 
The  limestone  passes  below  ground  at  the  small  culvert.  Above  it 
(left)  is  Burket  hlack  shale.  Under  the  limestone  (right)  is  shaly 
Tully  which  rests  upon  uppermost  Hamilton  beds  (right  of  center  of 
jticture).  This  is  the  locality  at  which  the  first  authentic  occurrence 
of  Tully  limestone  and  its  fauna  was  determined  in  Pennsylvania. 
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The  greatest  thickness  was  measured  along  the  bank  of  the  Susque- 
hanna Kiver  and  the  tracks  of  the  New  York  Central  Railroad  2 
to  3 miles  east  of  Jersey  Shore  south  of  Larrys  Creek  Station. 
Two  long,  low  anticlines  bring  the  limestone  to  the  siirface.  The 
maximnm  is  240  feet  in  the  higher,  southern  anticline,  but  in  both 
folds  the  base  is  concealed. 

From  Larrys  Creek  Station  eastward  the  Tully  thins  rapidly.  On 
Oak  Run  (locality  23)  there  are  only  5 feet  of  limestone  associated 
with  perhaps  50  or  60  feet  of  limy  shale  ^ibove  11  feet  of  shale  with 
limestone  nodules  which  may  be  included  with  it.  The  lower  shale 
rests  upon  rocks  of  Hamilton  age.  AVest  of  Hughesville  (locality  24) 
a little  residual,  reddish  clay  probably  marks  the  position  of  the  Tullj" 
between  the  Hamilton  and  the  Burket.  At  South  Danville,  North- 
umberland County  (locality  25)  there  is  an  exposure  of  10  feet  of 
Tully  limestone  and  13  feet  of  overlying  limy  shale  wdth  Tully  fossils. 
It  is  here  that  Hypothryidma  was  first  discovered  in  Pennsylvania  as 
I announced  in  1934  and  1935.  Doubtfully,  I include  in  the  Tully 
20  to  25  feet  of  barren  limy  shale  below  the  limestone.  This  is  one 
of  the  easternmost  known  outcrops  of  the  dominantly  calcareous 
Tully  in  the  State.  Eastward  from  here  along  the  Berwick  anticline, 
occurrences  of  Tully  fossils  in  limy  shale  are  known  from  north  of 
Bloomsburg  on  Highway  42  along  Little  Fishing  Creek,  on  U.  S. 
Highway  11  east  of  Beach  Haven  and  one-half  mile  northwest  of 
Eyers  Grove  southwest  from  Millville.  A similar  find  was  made  on 
Fiddlers  Run  in  southern  Northumberland  County  at  the  juncture 
of  U.  S.  Highway  15  and  State  Highway  225.  A like  exposure  was 
found  on  U.  S.  HighAvay  15  north  of  Northumberland.  In  eastern 
Perry  County  along  the  Juniata  River  8 miles  below  Newport 
(locality  26),  about  2 feet  of  gray  shale  and  hard  limestone  nodules 
carry  Hypothyridima  venustida,  Lopholasma  tuUium,  Chonetes 
aurora  and  other  eharaeteristic  fossils.  These  beds  rest  on  top  of  the 
Mahantango  shale  with  VvtuUna  labundant,  and  are  suciceeded  bj"  the 
Burket  shale.  A similar  oeeurrence  is  known  on  State  Highway  5 
between  Duncannon  and  New  Bloomfield,  at  Barnetts  Mill,  and  at 
other  scattered  exposures  north  thereof  in  Perry  County.  On  the 
Pennsylvania  Railroad  below  Marysville  about  50  feet  of  shale 
separating  the  Moscow  from  the  Burket  carry  Tully  fossils  including 
Lopholasma  tallium,  Elytha  fimhratea  , Echinocoelia,  Atrypa  spin- 
osa  aaid  Lorhynchus,  etc.  A similar  fauna  is  known  in  Sichuylkill 
County  about  3^2  miles  north  of  Summit  Station  and  on  the  Reading 
Railway  north  of  Auburn.  Both  of  these  are  without  Hypothyridina. 
A well  developed  limestone  with  Tully  fauna  has  been  found  on  the 
east  side  of  the  Lehigh  in  cuts  on  U.  S.  Highway  309  north  of 
Bowmanstown. 

The  Tully  limestone  has  been  recognized  aver  a wide  area  in  New 
York  (80).  In  the  region  between  exposures  in  New  York  and  Penn- 
sylvania where  the  beds  pass  under  coal  fields,  subsurface  data  inter- 
preted by  Fettke  (91),  show  that  it  is  present  from  Elk  County  east 
to  Bradford  County.  The  maximum  thickness  he  reports  is  129  feet 
in  Bradford  County.  This  ties  in  with  the  great  thicknesses  in  Clin- 
ton and  Lycoming  outcrops.  Singularly,  only  a few  miles  south  of 
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Jersey  Shore  in  Union,  Snyder  and  Mifflin  eonnties,  no  Tully  has 
been  found.  Instead,  the  Burket  appears  in  disconformiable  contact 
witli  the  uppermost  Hamilton.  The  thicknesses  of  the  Tully  may  be 
tabulated  as  folloAvs: 

'J'able  AA'/r,  Tiillij  thi<‘k)icsscs  hi  Pcnnuiilnuihi 


In  all  sections  where  "plus”  follows  a given  thickness,  the  implication 
is  that  one  or  both  contacts  is  hidden. 


,\o 

Locality 

Name 

Shale  below 
limestone 
Feet 

Ijimestone 
ID.  In. 

Shale  above 
limestone 
Feet 

Tatesville 

0 

2* 

7 

Eichelberg'erstown 

2 

6 

a 

Schellsburg 

4 

10 

Centennial  School 

3 

1 1 

Dunning-  Creelv 

2 

plus 

13 

Imler 

8 (V) 

4 

13 

Sproul 

2 

(?) 

15 

Altoona 

1 

16 

Port  IMatilda 

i 

17 

Unionville 

30 

plus 

18 

Curtin 

32 

3-4 

19 

Blanchard 

30 

? 

20 

Lockport 

1 85 

plus 

12-20 

21 

Jersey  Shore 

90 

plus 

10 

22 

Larrys  Creek 

340 

plus 

10-15 

23 

Oak  Run 

11 

5 

50-60 

25 

South  Danville 

20-35 

10 

13 

26 

Perry  County 

4 

(shale  with  limestone  nodules) 

37 

Schuylkill  Countj- 

2 

(limy  shale) 

28 

Brodliead  Creek 

73 

(Laurens 

sandstone) 

¥ 

In  this  section  there  are  two  limestones,  the  lower  two  inches  thick,  the  upper  two 

feet  thick,  separated  by  about  sixty  feet  of  dark  shale.  Both  limestones  carry  Tully 
fossils.  This  interrupted  succession  is  unique  in  Pennsylvania  so  far  as  known. 

In  addition  to  the  above  thicknesses,  the  following  may  be  noted. 
IMost  of  them  are  for  sections  composed  of  shale  or  very  shaly  lime- 
stone in  which  Tully  elements  occur,  usually  without  Hypothyriflina . 
They  are  not  indicated  by  numbers  on  the  map.  Figure  54. 


Feet 

North  of  North umberlaiid  10  plus 

Southwest  of  Alillvllle  3 plus 

Little  Pishing-  Creek 30 

East  of  Beach  Haven  2(1 

Fiddlers  Kuii  2 

South  of  Marysville  50 

North  of  Summit  Station 1(1 

Auburn  ? 

North  of  Bowmanstown 20± 


Although  the  Tully  limestone  in  Pennsylvania  does  not  appear  as 
readily  divisible  into  successively  younger  units  as  in  New  York,  it 
does  permit  of  differentiation  into  two  distinct  phases  or  facies.  These 
occupy  relatively  northern  and  southern  areas  and  may  be  referred 
to  respectively  as  the  platy  and  massive  types. 

The  platy  facies  occurs  in  the  thicker,  northern  sections  such  as 
that  on  Larrys  Creek  (locality  22),  and  those  near  Jersey  Shore 
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(locality  21)  and  at  Lockport  (locality  20).  In  some  of  the  thinner 
sections,  at  South  Danville  (locality  25)  and  in  part  at  Curtin  (local- 
ity l!S),  this  phase  is  also  recogaiized.  The  platy  Tully  is  char- 
acteristically li”’ht-gTay,  non-crystalline  limestone  whose  bedding 
averages  about  2 inches  thick  (fig.  61).  T^sually,  the  limestone 
beds  are  separated  by  thin  black  shale  partings.  In  only  a very  few 
sections  is  the  base  exposed,  but  apparently  it  usually  passes  over 
into  limy  shale  which  rests  in  disconformity  upon  ]\liddle  Devonian 
beds.  Upward,  a change  may  be  observed  in  the  top  of  the  sections 


Photograph  bij  Bradforrl  WiUard 


Figure  61.  Detail  of  platy  Tully  limestone,  Lockport,  opposite  Lock 

Haven,  Clinton  County. 


where  the  limestone  grades  into  the  Durket  black  shale.  The  platy 
limestone  weathers  brownish  to  light-gray,  and  is  usually  fetid  if  a 
fresh  sitecimen  be  hammered.  Except  in  the  highest  beds  of  the 
limestone  and  the  shaly  top  of  this  member,  fossils  are  quite  rare. 
The  Tully  east  of  the  Susquehanna  Valley  is  in  general  shale  or  at 
best  limy  shale.  In  Xorthumberland,  Columbia  and  Luzerne  counties 
it  is  fairly  calcareous,  but  highly  sheared.  Lime  nodules  occur  in 
the  shale  in  the  Juniata  Valley  outcrops  in  Perry  County,  but  south 
of  Marysville  only  shale  was  observed,  though  it  is  probable  that, 
were  it  less  highly  weathered,  it  would  show  limy  beds.  The  Schuyl- 
kill County  occurrences  are  both  quite  shaly.  These  shaly  outci'ops 
are  all  characterized  by  the  general  absence,  save  in  eastern  Perry 
County,  of  Ilypoiliyridina.  'With  the  recurrence  of  limestone  in  the 
Lehigh  Valley,  this  fossil  is  again  encountered,  and  it  is  known  on 
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BrodLead  Creek  in  the  sandy  “Laurens.”  It  also  appears,  but  very 
sparingly,  in  the  limestone  at  South  Danville,  Northumberland 
County. 

The  massive  development  of  the  Tully  carries  a larger  fauna  than 
does  the  platy  phase.  The  faunas  of  the  two  phases  are  distinctive. 
Corals,  including  Lopliolasma,  are  found  chiefly  in  the  platy  type  in 
the  north,  rarely  in  the  massive  southern  Tully.  Elytha  fimbriata  and 
most  of  the  “ Spirifer”  species,  the  mollusks  and  some  of  the  trilobites 
are  representative  of  the  platy  phase.  In  its  higher  beds  Atrypa 
spinosa  and  Phacops  rana  may  be  common.  The  massive  beds,  con- 
versely, carry  a large,  newly  described  species  of  brachiopod, 
Emanuella  pennsylvanica,  with  hordes  of  Chonetes  aurora.  The  last 
named  fossil  is  rare  in  the  platy  phase  of  the  northern  sections.  It 
is  occa.sionally  associated  with  Echinocoelia  amhocoelioides  and  Ilypo- 
thyridhm  venustul-a  in  the  platy  limestone.  The  faunas  of  these  two 
phrases  are  presented  in  Table  XXV  on  pages  232-233 : 

There  is  no  slarp  separation  between  these  distinctive  phases  of 
the  Tully  either  geographically  or  stratigraphically.  AVhere  they 
occur  alone,  they  are  clearly  distinct,  but  where  found  in  the  same 
section,  their  close  relationship  is  at  once  clear.  Otherwise,  it  might 
appear  that  they  were  non-eontemporaneous,  and  direct  correlation 
With  the  subdivisions  of  the  New  York  Tully  as  established  by  Cooper 
and  Williams  might  be  feasible.  At  Curtin  (locality  18)  the  relation- 
ship between  platy  and  massive  limestones  is  well  illustrated.  Platy 
limestone  identical  in  lithology  to  that  at  Lockport,  Larrys  Creek, 
etc.,  carries  interbedded  strata  of  massive  limeotone  up  to  a foot 
thick  which  is  lithologically  the  counterpart  of  the  southern  phase. 
At  Curtin  as  at  Lockport,  the  shaly  beds  at  the  top  intergrade  with 
the  succeeding  Burket,  and  in  these  upper  beds  is  a zone  in  which 
Atrypa  spinosa  and  Phacops  rana  abound.  Assuming,  on  reasonable 
grounds,  that  the  tops  of  these  sections  are  essentially  contemporane- 
ous, it  is  quite  evident  that  the  massive  limestone  of  the  south  equals 
the  upper  portion  only  of  the  platy  northern  sections.  Conversely, 
in  tlie  thick  northern  sections,  the  lower  part  may  be  older  than  the 
southern  Tully,  unless  quite  unequal  rates  of  sedimentation  are 
postulated.  In  support  of  this  lithologic  transition  at  Curtin,  note 
that  Emanuella  pennsylvanica  was  found  here  in  association  with 
Echinocoelia  amboco.elioides  and  a single  fragment  of  Ilyprothy- 
ridina,  but  no  Chonetes  auro>ra.  The  generally  shaly  eastern  beds  are 
presumed  to  be  partly  contemporaneous  to  the  limestones  but  repre- 
senting and  muddy,  near-shore  phase  of  environment. 

The  correlation  of  the  Tully  is  an  item  of  significance.  I ob- 
served that,  because  of  the  apparent  eontemporaniety  of  the  two 
phases,  the  member  does  not  admit  of  such  subdividing  as  has  been 
accomplished  in  New  York.  Nevertheless,  I offer  comparisons  with 
the  findings  of  Cooperand  AVilliams  (80)  who  described  the  following 
di\dsions  in  New  York. 

Tinkers  Falls  ineniber  [lower] 

The  type  section  of  this  member  is  in  the  face  of  Tinkers  Falls  just 
under  the  main,  overhanging  ledge.  Here  it  is  represented  by  6yo  feet  of 
alternating  thin  layers  of  dark  calcareous  shale  and  shaly  limestone. 
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Table  XAT,  TuUy  faunas  in  Pennsylvania 


Fossil 


' 'y} 

3 .2 


JZ  C 
u o 
'Si  U 


Rn*cr.  lasma  rectum  (Hall) 

E.  sp.  

Zaphrentis  sp.  

Amplexus  hamiltoniae  Hall 
Lopholasma  tullium  J.  S.  Wil 

liams  

L. 


sp. 


Aulacophyllum  sulcatum  d’Or 

b'gny  

Aulop  ra  sp 

Cera'opora  dichotoma  Grabau 

C.  sp.  

Favosifcs  sp.  

PIcurodicfyum  sp.  

Corals,  undet 

Taoniirus  sp 

Crin  idea,  columnals  


Fenestella  sp 

Strictopora  sp 

Bryozoa,  undet.  

Lingula  ligca  Hall  . . . 
Pholidops  sp 

Stropheodonta  demissa  (Con- 
rad)   

S.  sp.  , , 

Leptcstr: pJiia  pcrplana  (Con- 
rad)   

L.  sp.  

Douvillina  sp.  . , . 

Leptacna  rhomboidalis  (Wil- 
ckcns) 

Schuchertclla  variabilis  Prosser 
Chonetcs  aurora  (Hall) 

C.  icpidus  Hall  

C.  cor^yiiaLUs  (Conrad)  .... 
Prodiictclla  spinulicosta  Hall 

Dalmanclla  sp 

Rhipidotnclla  rajiuxemi  (Hall) 
sp.  

Camarotoechia  orbicularis 

(Hall)  

C.  cxim'a  (Hall) 

Liorhynchus  mcsacostale  (Hall) 
L.  globuliforme  (Vanuxem) 

L.  sp.  (ct.  limitare)  . 

L.  sp 

Hypothyridina  venustula 
(Hall)  

Peniamerclla  sp 

Tropidolcpius  carinatus  (Con 

rad)  

Atrypa  spinosa  Plall 
"Spirifcr”  mesastrialis  Hall 
‘‘S.”  mucrona^us  (Conrad) 
'‘S,’*  m.  var,  posterus  Hall 
Clarke  


2 E 


^ E 
C 5 


o X 

V V 


' *3  C .2 


1 c. 


3 

■ U 


X I X X X X X 
X X X X ___  ? 


T-|- 


X I X X X I .X 


X X X 


X ___  X X 


X 


I 


X X,  X X X X,X|X, 
X X X X , 


X X 
X ... 


- ^ I 

X X ... 
X 


I I 


230 


DEVONIAN  OP  PENNSYLVANIA 


Taljle  WP,  Tullij  faunas  in  Pennsylvani'a — Co7itimied 
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abounding  in  Chonetes  aurora.  This  species  occurs  in  swarms  on  the 
surface  of  the  rock,  and  scarcely  any  other  species  are  present.  At  June’s 
Quarry  and  ravine  not  far  west  of  Tinkers  Falls  this  member  is  only  II/2 
feet  thick,  but  east  of  the  type  section  it  thickens  to  about  14  feet  at  the 
north  end  of  Deruyter  Reservoir,  Cazenovia  Quadrangle. 

Apulia  member  [middle] 

The  type  section  of  the  Apulia  member  is  in  the  ravine  adjacent  to  June’s 
Quarry,  li/g  miles  southwest  of  Apulia  Station,  Tully  Township.  It  is  a 
hard,  heavy-bedded,  arenaceous  limestone  containing  Ilijpothyridina  in  great 
numbers  and  at  several  levels.  Members  of  this  genus  are  most  abundant 
in  the  lower  beds.  Other  fossils  characteristic  of  this  zone  in  the  vicinity 
of  the  type  section  are  t^cliizophoria  tuUicusis,  Chonetes  aurora,  and  Lep- 
tostropliia  tulUensis.  These  three  species  become  rare  west  of  the  type 
section. 

West  Brook  member  [upper] 

Following  the  Apulia  member  are  10  feet  of  dark  gray,  shaly  limestone. 
In  the  lower  half  of  this  member  occur  many  species  of  fossils,  chiefly 
Hamilton  species,  the  most  abundant  of  which  is  Elijtha  fmhriata.  The 
upper  half  is  characterized  by  the  coral  Lopholasma.  Although  this  upper 
member  of  the  Tully  is  well  developed  at  June’s  ravine,  it  is  more  fos- 
siliferous  farther  east  in  Chenango  Valley.  The  locality  selected  as  the 
type  section,  therefore,  is  on  West  Brook,  3 miles  south  of  Sherburne. 


The  platy  phase  in  Pennsylvania  resembles  faunally  and  lith- 
ologically the  AVest  Brook  member  of  the  upper  Tully  in  New  York, 
bnt  it  also  has  certain  similarities  to  the  Tinkers  Falls  or  lower  New 
York  Tully.  Nevertheless,  Hypothyrklina  is  present,  but  is  unknown 
in  the  Tinkers  Falls,  while  Echinocoelia,  an  Apulia  fossil,  occurs, 
though  not  commonly,  in  several  sections  of  the  platy  phase.  The 
massive  or  southern  type  of  Tully  in  Pennsylvania  contains  Ilypo- 
thyridina  commonly  and  great  quantities  of  Chonetes  aurora.  Tlie 
only  CharioneUa  was  found  in  the  ma.ssive  Tully,  but  this  genus  is 
known  in  New  York  only  in  the  West  Brook  member.  I am  inclined 
to  look  upon  these  confusing  data  for  the  Pennsylvania  Tully  as 
indicating  that  it  is  nearest  the  equivalent  of  the  upper  part  of  the 
New  York  Tully.  The  lithology  and  fossils  are  a combination  of 
those  found  in  separate  members  in  New  York.  Though  they  may 
not  always  be  found  together  in  a single  locality  in  Pennsylvania,  at 
least  they  may  be  shown  to  be  nearly  contemporaneous  with  lateral 
intergradation.* 

A passing  remark  regarding  the  Tully  fossils  at  locality  28,  Brod- 
head  Creek,  Monroe  County,  is  in  order.  They  have  already  been 
mentioned  in  discussing  the  Middle-Upper  Devonian  contact  and  the 
Trimmers  Rock  member.  It  will  be  recalled  that  at  that  locality  in 
the  base  of  the  Trimmers  Rock,  there  was  found  a faunule  of  con- 
siderable significance  because  it  combines  Ithaca  and  Tully  elements. 
I have  suggested  that  it  is  the  lithologic,  stratigraphic  and  faunal 
equal  of  the  Laurens  member  of  New  York.  The  association  of 
Liorhynchus  mesacostale,  Hypothyridhia  vemvstula  and  Echinocoelia 
amhocoelioides  is  suggestive  of  the  Laurens. 

* In  September  1937  and  July  and  September  1938,  Dr.  Cooper  and  I visited  most 
of  the  Tully  localities  in  Pennsylvania.  Many  of  them  suggested  the  West  Brook  to  him, 
but  in  Perry  County  he  noted  resemblances  to  the  Apulia.  The  Hypothyridina-poor, 
eastern  shaly  beds  may  be  of  West  Brook  affinities. 
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Portage  Climate 

Evidence  toucliing  upon  ancient  climatic  conditions  is  usually  in- 
teresting, and  in  the  case  of  the  Portage  some  information  has  been 
obtained  that  is  rather  exceptional  and  apparently  is  unique  for  tlie 
Paleozoic  of  Pennsylvania.  In  New  York,  evidence  has  been  cited 
for  the  presence  of  ice  during  Devonian  time.  Str  ated  sandstones 
were  observed  long  ago  by  James  Hall  (111)  and  later  described  by 
John  i\I.  CJarke  (67,  68)  in  liis  discussion  of  the  Portage  of  that 
State.  IPs  interpretation  was  that  they  were  produced  by  tide-driven 
ice,  scraping  bottom.  Xo  contemporaneous  glaciated  pebbles  or 
morainal  material  were  recorded  in  New  York,  but  what  are  inter- 


Vholocimph  hy  Bradford  Willard 

Figure  62.  Striated  Portage  sandstone  near  lllairs 
Mills,  Huntingdon  County. 

jireted  at  fluv'o-glacial  gravels  are  known  from  rocks  of  this  age  in 
the  Province  of  Quebec.  Devonian  glaciation  probab’y  occurred  in 
southeastern  Alaska,  according  to  Kirk’s  interpretation  (129). 

Schuchert  (181)  has  supplemented  Clarke's  observation  with  a 
faunal  analysis  of  the  fossils  contemporaneous  w'th  the  suppo  ed  ice 
in  New  York  and  has  shown  that  the  disappearance  of  coraX,  reduc- 
tion in  number  of  species  and  the  geographic  relations  of  the  cep- 
halopods  and  pteropods  indicate  a cooler  climate  in  late  than  in 
middle  Devonian  time.  My  obsei-vations  on  the  faunas  are  similar, 
although  corals  did  continue  sjmringly  into  post-Portage  time  in 
Penmylvania.  Fossil  i)'ants  of  contemporaneous  age  ai’e  useless  in 
this  instance  so  far  as  known. 

In  the  Portage  of  Pennsylvania  striations  b'^lieved  to  be  ice-formed 
have  been  ob.-erved  (243).  In  east-central  Huntingdon  County  a 
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section  along-  the  Trough  Creek  Branch  of  Tuscarora  Creek  and  State 
Iligl  uav  il9  paiallel  thereto  between  B!airs  MUls  and  Shade  Valley 
post  otBee  (Riehdale)  is  exposed  across  a broad,  shallow,  symmetrical 
syncline  of  Devonian  formations,  ranging  from  the  Helderberg  into 
the  Catskill,  here  mostly  of  Chemung  age;  for  the  red  beds  grade 
down  into  tl  e top  of  the  Portage  with  no  marine  Chemung  recog- 
nized. The  Trimmers  Rock  sandstone  with  an  Ithaca  fauna  forms 
the  higher  Portage  beds,  and  this  rests  upon  well-developed  greenish 
Biall  er  shale  with  the  characteristic  fossil  trail  Pteridichnites 
biseriatus  associated  with  carbonized  plant  shreds,  mud  chips  and 
doubtful  Fucoides  graphica.  Below  the  highest  Brallier  is  a con- 


Pliotogranli  by  Bradford  ^YiUard 

Figure  63,  Detail  of  striated  Portage  sandstone 
shown  in  Figure  62,  near  Blairs  Mills,  Huntingdon 

County. 

cealed  interval  of  20  feet.  Then  follows  a sequence  of  nearly  100 
feet  of  rather  sandly  Brallier.  It  is  in  these  beds  that  the  striated 
surface  was  observed.  It  is  about  225  feet  above  the  dark  shales  of 
the  lower  Portage.  Xo  fossils  were  found  in  the  striated  portion, 
but  in  adjacent  beds  is  a spare  Naples  fauna  of  small  pelecypods, 
pteropods  and  goniatites.  The  striations  are  on  a smooth  bedding 
surface  about  30  feet  square  exposed  by  road  construction.  The  sur- 
face strikes  X”.  37°  E.  with  a dip  of  26°  S.  The  scratches  trend  X. 
73°  W.  The  largest  striations  are  grooves  30  mm.  wide  and  12  mm. 
deep,  but  there  are  many  smaller  ones  so  that  the  average  width  and 
depth  are  10  and  5 mm.  respectively.  (Figures  62  and  63.)  A 
gradual  change  in  size  along  an  individual  scratch  may  be  observed. 
Mutually  parallel,  the  scratches  suggest  a single  movement  of  the  body 
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which  produced  them.  They  are  very  similar  to  those  caused  by 
Pleistocene  glaciation;  but,  not  only  are  they  at  least  35  miles  south 
of  the  nearest  known  moraine  (139),  but  also  they  are  inter-bedded 
in  the  Portage,  passing  out  of  sight  between  undisturbed,  consolidated 
rock. 

There  is  thus  no  question  as  to  the  late  Devonian  age  of  the  striae 
Human  agents  may  be  eliminated,  for  there  are  neither  pick  nor 
power-shovel  marks  on  the  surface,  and  the  grooves  are  20  to  30  feet 
long.  The  suggestion  of  their  having  been  produced  by  iron  wagon 
tires  is  untenable  because  they  disappear  between  strata.  No  carbon 
or  other  organic  material  was  found  in  the  scratches,  nor  is  there 
evidence  of  segmentation  such  as  might  be  expected  were  they  stem 
imprints;  neither  are  they  branched.  Plant  imprints  and  rill  marks 
are  thus  ruled  out  of  possibilities.  Sliekensides,  they  are  not  Al- 
though parallel  with  one  another,  they  are  not  perpendicular  to  the 
axis  of  the  syncline.  The  dragging  of  roots  or  other  objects  across 
the  unconsolidated  sediments  otfers  an  inadequate  explanation  for 
these  symmetrical  lines.  Apparently,  ice  and  ice  only  is  the  explana- 
tion, a supposition  substantiated  by  the  reeognitioir  of  faint  chatter- 
marks. 

We  might  accept,  with  modifications  or  reservations,  Clarke’s 
theory  of  shore-ice.  By  this  theory,  blocks  of  ice  are  supposed  to  be 
moved  by  tide  or  current  up  and  down  the  strand  line  either  above  or 
below  high-water  mark.  Widening  of  respective  grooves  is  attributed, 
not  to  wearing  down  of  points,  since  the  beach  sediments  would  be 
unconsolidated  and  incapable  of  so  doing,  but  deeper  digging  of 
the  abrading  points  as  the  mass  moved  up  th'e  beach.  Clarke  held 
that,  as  the  marks  he  noted  were  found  only  in  sandstone  and  not 
shale,  the  material  must  have  been  soft;  and,  therefore,  the  impres- 
sion was  not  retained  by  the  mud.  Such  a suggestion  seems  borne 
out  by  lack  of  sharpness  of  newly  exposed  striae,  but  the  occurrence 
of  chatter-marks  is  at  variance  with  such  a suggestion.  For  these 
reasons  we  are  inclined  to  believe  that  originally  the  bed  was  partly 
consolidated  and  so  retained  the  impressions  fairly  well  until  buried, 
preserved  and  indurated  into  still  more  solid  rock.  That  the  sedi- 
ments may  not  have  been  fully  consolidated  when  being  scratched  is 
inferred  from  lack  of  evidence  of  a pronounced  disconformity  at  the 
bedding  surface  upon  which  they  occur. 

Because  the  scratches  are  simple,  a single  movement  is  deduced. 
The  marks  should  have  been  made  by  a continuous  push,  not  the 
shuttle  movement  of  tide-borne  ice.  There  is  no  compound  pattern, 
only  a simple  series  of  parallel  lines.  Perhaps,  instead,  the  ice  was 
current  borne  or  washed  ashore  in  a single  movement,  and  as  it  did 
so,  left  striae  upon  the  stiff,  clayey  sand  of  the  ocean  bed.  Professor 
P.  T.  Chamberlin  suggests  (personal  communication)  that  they  may 
be  due  to  ice-rampart  shoving  such  as  might  be  postulated  for  a 
lagoon.  This  comes  closer  to  actual  glacial  action  than  the  theory 
of  origin  through  water-borne  ice.  Evidently  the  exact  method  by 
which  these  peculiar  markings  were  made  is  still  uncertain,  but  it  is 
reasonably  sure  that  ice  caused  the  striae.  Also  it  was  moved  in  a 
near-shore  region  and  on  beds  that  now  lie  but  a short  distance  below 
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continental  red  strata.  The  adjacent  shore-line  was  not  fixed  but 
was  then  building  rapidly  northwestward.  The  faunal  evidence 
points  to  a cool,  but  not  necessarily  a severe  climate.  The  abundance 
of  what  is  supposed  to  be  shredded,  carbonized,  terrestrial  vegetation 
is  significant.  Perhaps  the  ic'e  may  be  interpreted  best  as  merely  an 
expression  of  cold  winters;  certainly  it  does  not  imply  a glacial  in- 
terval with  continental  ice  sheets.  There  is  no  recorded  sign  of 
wide-spread  or  severe  ice  action  in  eastern  North  America  at  that 
time. 

Origin  of  the  Portage  Group 

The  Portage  group  of  Pennsylvania  embraces  the  median  part  of 
a marine  regression  of  a great  Devonian  cycle  of  sedimentation.  Our 
Middle  Devonian  formations  illustrates  at  least  the  earlier  portion  of 
the  recession,  and  the  interval  of  stillstand.  In  the  still  higher 


Catskill  continental  facies.  Vertical  scale  greatly  exaggerated. 

marine  units  and  the  continental  Catskill  are  read  the  closing  events 
of  this  same  cycle.  Thus,  the  earlier  Devonian  represents  marine 
on-lap,  the  earlier  Portage  formation  (the  Rush)  is  indicative  of 
approximate  standstill  during  an  interval  of  temporary  interruption. 
The  younger  Portage  (Port  Littleton  formation)  and  the  later  Upper 
Devonian  record  progressive  marine  olf-lap  terminating  in  the  Catskill 
sub-aerial  facies.  This  is  first  recorded  for  eastern  Pennsylvania  in 
middle  to  later  Portage  time.  In  discussing  the  Catskill  it  will  be 
shown  that  this  continental  off-lap  began  even  earlier,  in  early 
Hamilton  time,  perhaps  late  Marcellus,  in  north  central  New  Jersey. 
First,  a brief  consideration  of  the  origin  of  the  Tully  should  precede 
the  discussion  of  the  Portage  as  a whole  according  to  the  above 
concept. 

The  rapid  changes  in  thickness,  the  lithologic  differences,  the 
diminution  of  limestone  in  the  Tully  east  and  southeast  of  its  chief 
line  of  outcrop  in  Pennsylvania,  suggest  unusual  conditions  perhaps 
associated  with  an  indented  coast  with  protected  lagoons  and  barrier 
reefs.  This  theory,  however,  is  not  supported  by  an  abundance  of 
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corals  or  reef-building’  organisms  in  the  Tully.  The  Tully-Hamilton 
disconformity  is  significant.  Nowhere  has  a transition  been  observed 
at  this  point.  In  most  central  and  eastern  Pennsylvania  sections  a 
Vifulina  zone  marks  the  highest  Hamilton  faunule.  In  south-central 
parts,  where  this  fossil  is  unknown,  the  highest  Hamilton  beds  may 
be  presumed  to  be  lacking,  although  no  evidence  of  an  unconformity 
has  been  noted.  All  contacts  there  are  merely  disconformable. 
This  break  appears  to  be  non-depositional,  rather  than  diastrophic. 
The  basal  Burket  is  supposed,  from  its  relations  and  fauna,  to  be 
essentialH  synchronous  across  Pennsylvania.  The  Tully  limestone 
itself  dies  out  southward  so  that  the  Burket  rests  upon  the  Hamilton. 
The  Harrell  overlies  the  Hamilton  in  southern  Bedford  County,  and 
in  Pulton  County  the  Hamilton  is  capped  by  beds  assigned  on  lith- 
ology to  the  lower  Brallier.  This  implies  on-lap  toward  the  south  or 
southeast  from  Tully  to  early  Brallier  time.  The  assumption  is,  that, 
following  local  oft‘-la])  in  late  Hamilton  (probably  Moscow)  time, 
there  was  an  interval  of  non-deposition  whose  dui  ation  increased 
southeastward.  The  Tully  sea  then  overspread  much  of  central  and 
eastern  Pennsylvania.  Off-shore  reefs  have  not  been  discovered  as 
yet,  but  may  have  developed.  With  slow  transgression,  the  lower 
portions  of  the  thicker  sections  to  the  north  in  Clinton  and  Lycoming 
counties,  and,  judging  from  well  records,  beyond  in  Bradford  County, 
])robably  began  to  form  before  the  sea  spread  to  the  region  where 
the  more  southern  extension  of  the  limestone  occurs.  If  so,  only  the 
liighest  beds  in  the  thick  sections  may  equal  the  entire  Tully  in  the 
thinner  sections  to  the  south  where  the  Middle-Upper  Devon'an 
diastem  is  greatest.  I have  postulated  that  south-central  Pennsyl- 
vania during  much  of  the  Paleozoic  was  unstable.  Such  an  hy- 
pothesis may  be  substantiated  by  this  break.  A.pparently  the  Tully 
limestone  never  encroached  far  east  of  the  Susquehanna  Valley  be- 
cause between  Perry,  Luzerne  and  Northumberland  counties  the  beds 
are  clastic,  reaching  an  extreme  in  the  sandy  “Laurens”  of  Monroe 
County. 

Turning  from  the  Tully  specifically  to  the  Portage,  generally  in 
eastern  .Penns.ylvania  the  Trimmers  Rock  sandstone  and  the  sandy 
facies  of  the  Middle  Devonian  converge  stratigraphically  and  faun- 
ally.  It  is  conceivable  that  they  actually  approach  and  become  inter- 
transitional.  This  is  a counterpart  of  conclitions  reported  by  Cooper 
in  eastern  New  York  where  he  finds  the  Laurens  with  Tully  elements 
in  its  fauna,  and  Portage  with  a “modified  Ithaca”  fauna  mixed 
with  Hamilton  elements.  I have  noted  and  will  describe  fully  below, 
that  in  north-central  New  Jersey  the  Catskill  continental  red  beds 
cut  far  down  into  the  Middle  Devonian,  perhaps  as  low  as  the  top  of 
the  Marcellus.  These  oldest  red  beds  then  represent  the  earliest 
record  south  of  the  Hudson  River  Valley  (where  a like  condition  is 
known)  of  continental  conditions  in  our  Devonian  sequence.  They 
imply  uplift  of  the  adjacent  region  to  the  southeast  or  east.  Such 
an  uplift  presumably  accentuated  Portage  deposition  following  the 
earlier  reversal  of  the  circle.  The  off-lap  continued  through  and 
beyond  Portage  and  Chemung  times,  the  red  beds  building  west  or 
northwest  across  Pennsylvania,  their  base  rising  steadily  with  progres- 
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sive  continental  off-lap.  Of  this  outbuilding  and  the  probable  nature 
of  tlie  eoait,  more  will  be  said  in  describing  events  of  Chemung  and 
later  times. 

The  iievonian  outcrops  of  the  upper  Delaware  Valley  and  of  iiortli- 
cential  New  Jersey  are  separated  by  an  area  in  which  Devonian  rocks 
are  lacking.  In  that  region  one  would  logically  expect  to  find  the  traces 
of  the  reversal  of  movement  of  the  sedimentary  cycle,  from  positive 
eastward  on-lap  to  negative,  westward  off-lap.  On  Brodhead  Creek. 
Monroe  Coiuiiy,  the  Tortage  can  be  separated  from  the  Hamilton 
by  faunal  data;  northeast  of  that  point  no  such  criteria  generally 
avail.  Tully,  Burket  and  Moscow  elements  are  unknown.  The  Trim- 
mers Rock  sandstone  of  the  upper  Delaware  Valley  above  Port  Jervis 
carries  “ Spir  fcr”  mesastnalis,  Palaconeilo  emargin-ata,  Actinopteria 
hoycli  and  Paracydas  lirala.  The  first  three  are  absent  from  the 
Hamilton  sandstone  of  the  river  bluffs  at  Port  Jervis  and  Matamoras, 
beds  well  dated  from  their  occurrence  not  far  above  the  locally  thick 
Marcellus.  The  strata  immediately  between  those  which  are  evi- 
dently Portage  and  those  wnieli  are  near  the  upper  limits  of  the 
Hamilton,  carry  both  Palaeoneilo  cmarginata  and  Actinopteria 
hoydi.  Paracydas  lirata  may  be  present  here  also,  but  “ Spirifer" 
mesastriaUs  is  doubtfully  identified.  This  evidence  is  interpreted  to 
mean  that  hoe  is  truly  a transition  between  beds  of  late  Hamilton 
age  and  those  representing  the  lower  part  of  the  Portage  group. 
We.ct  from  Monroe  County,  a wedge  of  marine  shales  divides  the 
Trimmers  Rock  from  the  beds  with  Hamilton  fossils.  The  Hamilton- 
Trimmers  Rock  transition  therefore  may  record  the  progressive 
off-.ap  of  the  sandy  or  neritic  zone  facies  in  a region  suffieiently  near 
the  coast  to  be  unaffected  by  the  temporary  interruption  of  Tully- 
Buiket  time  farther  west. 

The  Rush  format  on  and  the  overlying  Fort  Littleton  formation 
exemplify,  renewed  and  accelerated  marine  off-lap.  When  the  Burket 
formed,  the  sea  seems  to  have  been  almost  devoid  of  life,  but  by 
Harrell  time  there  was  a marked  influx  of  Naples  forms  which  reached 
their  best  development  in  Penns.ylvania  during  the  laying  dovrii  of 
this  gray  shale.  Besides  the  Burket-Harrell  faunal  discrepancy, 
there  is  a fairly  sharp  lithie  separation  amounting  locally  to  a dis- 
conformity.  Throughout  the  Susquehanna  Valley,  but  not  known 
east  of  it,  and  continuing  westward  to  the  Allegheny  Front,  the 
Harrell  is  succeeded  by  the  Brallier  greenish  shale.  With  its  ap- 
pearance, the  Naples  fauna  is  greatly  reduced,  and  stray  Ithaca  forms 
appear.  This  influx  of  Brallier  mud  may  have  accompanied  severer 
climatic  conditions,  the  two  combining  to  affect  adversely  the  popula- 
tion off-shore.  But,  the  Brallier  is  overlapped  from  the  east  and 
southeast  and  finally  displaced  by  its  coarser,  elastic  complement,  the 
Trimmers  Rock  sandstone.  As  the  one  thickens,  the  other  thins. 
The  sandstone  brought  in  an  abundant,  neritic  or  even  littoral  facies, 
entirely  displacing  the  already  decadent  Naples  life. 

Eventually,  at  the  close  of  Portage  time,  came  the  invasion  of  the 
C emung  or,  more  truly,  the  Portage  fauna  acquires  a Chemung 
aspect  with  the  appearance  of  “ Spirifer”  disjunctus.  Neither  lithie 
nor  stratigraphic  sequence  is  broken  where  only  arenaceous  facies 
are  envolved.  The  final  event  is  the  eclipse  of  all  marine  sedimenta- 
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tion  with  the  advent  of  Catskill  continental  beds.  The  cycle  ended 
with  the  culminating  deposition  of  fresh-water  red  and  green  beds 
bearing  fragments  of  land  plants  and  the  remains  of  fresh-water  (?) 
fishes. 

Correlation 

While  not  necessarily  final,  the  following  correlations  are  believed 
reasonably  correct.  Further  data,  especially  such  as  may  be  ob- 
tained from  subsurface  correlations,  may  refine  some  (*f  these  sug- 
gestions. 

The  Maryland  Geological  Survey  (143)  divided  the  Upper 
Devonian  into : 

JENNINGS  FORIMATION 

Chemung  member  (Spirifer  disjuncttis  fauna) 
Parkhead  sandstone  member 
Woodmont  shale  member 

Beds  containing  Ithaca  fauna 
Reticularia  laevis  zone 
Beds  containing  Naples  fauna 
Genesee  black  shale  member 

Prom  their  lithic  characters  and  faunas,  direct  correlation  could  be 
made  with  central  Pennsylvania,  even  without  the  ability  to  trace 
the  formations  directly  through  from  one  State  to  the  other.  The 
Maryland  Survey  does  not  use  the  term  Portage  to  any  extent,  pre- 
ferring to  group  beds  of  that  age  with  the  Chemung  under  the  head- 
ing Jennings  Formation.  This  is  not  advisable  in  Pennsylvania  be- 
cause of  the  much  better  development  of  the  later  marine  Devonian. 
The  upper  limit  of  the  Portage  group  in  both  Pennsylvania  and 
Maryland  is  drawn  at  the  appearance  of  “ Spirifer”  disjunctus.  In 
both  States,  the  base  e'omes  at  the  top  of  the  Hamilton. 

The  Parkhead  of  Maryland  is  recogmized  as  extending  into  south- 
central Pennsylvania,  and  direct  correlation  is  possible,  although 
eastward,  its  separation  from  our  Trimmers  Rock  is  unknown  beyond 
the  Susquehanna  Valley.  It  may  be  treated  there  as  equal  to  the 
top  beds  of  the  Trimmers  Rock  sandstone  until  obliterated  by  con- 
tinental strata.  As  the  Parkhead  tops  the  Portage  in  both  Maryland 
and  Pennsylvania,  so  the  base  of  the  group  is  marked  by  an  equivalent 
dark  shale,  the  Genesee  of  Maryland,  the  Harrel  and  Burket  of  Penn- 
sylvania. Each  may  rest  upon  beds  carrying  a Hamilton  fauna, 
except  that  the  Tully,  unknovm  in  Maryland,  wedges  in  beneath  the 
black  shale  northward  in  Pennsylvania.  The  Maryland  Survey  de- 
nominates in  the  “beds  containing  Naples  fauna”  an  equivalent  of 
our  Harrell  gray  shale.  Their  Beticidaria  laevis  zone  can  hardly  be 
anything  else  but  our  Reaticidaria  laevis  zone  or  the  Losh  Run  shale. 
The  Woodmont  shale  member  above  the  Reticularia  zone  in  the  south 
clearly  equals  our  Brallier,  and,  from  the  fact  that  it  does  carry 
Ithaca  fossils  and  is  partially  composed  of  sandstone,  it  may  be 
thought  of  as  also  including  part  of  the  Trimmers  Rock  sandy  facies 
of  our  upper  Portage. 

An  attempt  to  correlate  the  Portage  of  Pennsylvania  with  that  of 
New  York  is  more  difficult  than  with  Maryland,  for  direct  tracing 
cannot  be  accomplished.  The  equivalent  of  our  Portage  (104) 
sequence,  the  Seneean,  as  given  for  central  New  York  by  Goldring  is: 
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Portage  beds 


(Xaples-Ithaca  fauna) 
Enfield  shale 
Ithaca  shale 
Cashaqua  shale 
(Sherburne  sandstone) 
Genesee  black  shale 
Tully  limestone 


As  in  Pennsylvania,  the  top  of  the  group  is  drawn  at  the  base  of 
the  Chemung,  punctuated  by  the  lowest  occurrence  of  “ Spirifer” 
disjunctus.  The  base  is  drawn  at  the  Tully-Hamilton  contact  which 
may  be  fulh*  as  sharp  in  Xew  York  as  in  Pennsylvania.  We  observed 
that  our  Burket  may  equal  what  has  lately  been  called  Geneseo  in 
New  York,  that  is,  the  basal  black  shale  member  of  Chadwick’s 
Genesee  group.  The  Cashaqua  shale  would  seem  from  its  Naples 
fauna  to  be  the  logical  correlate  of  our  Harrell,  but,  from  its  higher 
stratigraphic  position,  is  probably  a recurrent.  The  Trimmers  Rock 
sandstone  and  its  complementary  correlate,  the  Brallier  shale  as  a 
whole,  may  be  assigned  to  a position  equivalent  to  the  Enfield  and 
Ithaca  shales  and  the  Sherburne  sandstone.  There  seems  no  very 
clear,  direct  correlation  of  these  several  units.  There  is,  nevertheless, 
a prominent  “Reticularis  laevis  zone”  low  down  in  the  Sherburne 
which  may  be  the  equal  of  our  Losh  Run  shale  with  its  similar  fauna. 
Assuming  this  as  true,  I suggest  that  the  Trimmers  Rock  of  eastern 
Pennsylvania  may  be  substantially  equal  to  the  Enfield,  Ithaca  and 
Sherburne  of  central  New  York,  while  the  Brallier  shale  is  the  undif- 
ferentiated equal  of  the  several  shalier  members  recognized  as  con- 
stituting the  Senecan  above  the  Genesee  group  farther  west.  Hnfor- 
tunately,  in  Pennsylvania  the  Portage  passes  irrevocably  beneath  the 
Allegheny  Front  long  before  it  can  be  broken  up  or  clear  dif- 
ferentiation is  possible  into  those  dhdsions  recognized  in  western 
New  York. 


TABLE  XXVI,  THE  PORTAGE  OF  THREE  STATES 


Maryland 

Chemung 

(“Spirifer”  disjunc- 
tus) 

Parkhead  sandstone 
member 

Woodmont  shale  mem- 
ber 

Beds  with  Ithaca 
fauna 

Reticularia  laevis 
zone 

Beds  with  Naples 
fauna 

Genesee  black  shale 
member 


(See  also  Figure  65) 
Pennsylvania 
Chemung 

(“Spirifer”  disjunc- 
tus) 

Parkhead  sandstone  'j 

I 

Brallier-Trimmers 

Rock  shale 

and  sandstone  1 

Losh  Run  shale  j 

Harrell  gray  shale 

Burket  black  shale 

Tully  limestone 


New  York 
Chemung 

(“Spirifer”  disjunc- 
tus) 

‘Enfield  shale 
! Ithaca  shale 
I Cashaqua  shale 
j^Sherburne  sandstone 
Genesee  group 

Geneseo  black  shale 
Tully  limestone 


It  should  be  observed  that  recent  revision  of  the  Upper  Devonian  in 
New  York  makes  speculation  on  exact  and  final  correlation  hazardous 
at  present.  Until  the  newly  proposed  interpretations  have  stood  the 
test  of  exhaustive  field  application,  these  correlations  are  merely  sug- 
gested possibilities. 


CHAPTER  VII. 


UPPER  DEVONIAN,  Coutiimed,  CHAUTAIIQUAN  STAGE 


Chemung,  Canadaway,  Coniieaul  and  Conewango  Groups 

In  this  discussion  of  the  Devonian  of  Pennsylvania,  the  highest 
marine  groups  which  together  comprise  the  Chautauquan  stage 
have  now  been  reached.  No  part  of  the  system  has  elicited  greater 
controversy.  Most  of  the  groups  now  to  be  described  are  well  de- 
veloped in  northwestern  Pennsylvania,  but  supplementary  observa- 
tions in  southwestern  New  York  are  essential  for  completeness.  From 
this  region  east  of  Lake  Erie,  a stratigraphically  extremely  intricate 
succession  of  varying  marine  sediments  passes  eastward  into  the  non- 
marine facies  equivalent.  The  region  has  been  studied  for  many 
years  by  a number  of  independent  workers,  no  two  of  whom  are  in 
full  agreement  as  to  the  interpretation  of  the  sequence.  Each  of  the 
Second  Pennsylvania  Survey  geologists  assigned  to  northwestern 
Pennsylvanm  made  and  published  a classification  differing  from  those 
of  all  his  fellow  workers.  These  men  were  without  anj^  precedent, 
for  Henry  D.  Rogers’s  1858  map  was  totally  detailless,  and  the 
accompanying  text  was  inadequate  (177).  As  usual  with  the  Second 
Survejq  there  was  a distressing  lack  of  cooperation  and  coordination 
among  the  several  workers,  notably  Randall  (*65),  White  (227), 
Carll  (27,  28,  29,  30,  31)  and  Ashburner  (5).  Lesley  (135^  137) 
offered  some  suggestions  which  might  have  cleared  up  a few  of  the 
misconceptions  and  miseorrelations,  but  one  is  led  to  suspect  that  the 
second  State  Geologist  had  too  little  information  based  upon  personal 
observations  to  deal  out  substantial,  constructive  criticism.  To  be 
sure,  much  of  the  work  doubtless  was  hurried,  and  sub-surface  data 
were  far  from  satisfactory,  base  maps  poor,  and  accurately  deter- 
mined elevations  and  intervals  scarce.  Of  all  their  work,  that  of 
I.  C.  White,  done  in  the  extreme  northwestern  counties  of  Pennsyl- 
vania, was  most  accurate.  AVhy  AVhite  worked  there  and  in  the 
northeast,  but  was  not  assigned  the  entire  northern  tier  of  counties, 
is  an  open  question  and  a detraction  from  the  acumen  of  those  respon- 
sible for  the  direction  of  the  field  work  of  the  Second  Survey.  Had 
he  been  permitted  to  concentrate  his  studies  all  along  the  northern 
boundary  instead  of  taking  up  Huntingdon  County  and  the  region 
of  the  forks  of  the  Susquehanna,  principally  Northumberland,  Alon- 
tour,  Columbia  and  Luzerne  counties,  not  to  mention  the  work  in 
Ifike  and  Alonroe,  we  may  fairly  expect  that  a quite  accurate  picture 
would  have  been  left  us.  But,  such  was  not  his  assignment ; con- 
fusion reigned,  and  decades  wei’e  to  pass  befoi’e  anything  lesembling 
a complete  study  was  available,  and  then  largely  through  reseaieh 
unsupported  by  state  subsidy. 
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From  the  early  days  of  the  Neiv  York  Survey,  the  southwestern 
or,  as  it  was  at  first  called,  the  Fourth  District,  afforded  much  ma- 
terial for  study.  Here  it  was  that  James  Hall  really  founded  his 
life’s  work  in  the  Empire  State.  By  1843,  Hall  (111)  had  gone  so 
far  as  to  determine  the  relations  of  the  type  Chemung-  to  the  Portage, 
suggest  their  relations  to  the  Catskill,  and  state  that,  “From  the 
absence  of  red  shales  and  sandstones  forming  the  Old  Red,  this  rock 
[the  Olean  conglomerate]  on  the  west  of  the  Genesee^  rests  directly 
upon  the  Chemung  group.’’  He  recognized  nothing  which  he  called 
a correlate  of  the  Sub-Carboniferous  (Vespertine  and  Umbral  of 


Figure  66. — Sketch  map  showing  distribution  of  Chautau«{uan  stage  in  Penn- 
sylvania. Because  of  uncertainty  in  separating  marine  Devonian  from 
Mississippian,  this  map  is  only  approximate  in  the  northwest.  Likewise,  it 
is  not  always  practicable  to  depict  in  a map  of  this  scale  precise  limits  be- 
tween marine  uppermost  Devonian  and  Catskill  continental  facies. 


Rogers)  in  Pennsylvania.  The  disappearance  of  the  red  beds  from 
the  section  in  southwestern  New  York  proved  a stumbling  block  for 
years  to  come.  Just  so  long  as  the  Catskill  was  regarded  as  being  the 
yo}(ng"st  Devonian  “formation,”  trouble  ensued.  Not  until  it  was 
generally  realized  that  it  is  actually  a “magnafacies”  (in  the  Cas- 
ter'an  sense)  developed  through  successfully  later  stages  of  con- 
tinental otf-lap  from  the  east  and  southeast  toward  the  west  and 
northwest,  was  this  bugbear  eliminated.  Glimmerings  of  correct 
understandings  came  early  in  the  present  centuiy  with  the  researches 
of  C’arke  (60,  62,  63),  Glenn  (102)  and  Bvitts  (18,  20)  in  south- 
western New  York  and  through  Butts’s  projection  of  this  work  into 
the  Warren  area  in  Pennsylvania  and  southward  (21), 
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The  early  years  of  the  twentieth  century  saw  renewed  interest  in 
the  stratigraphy  of  northwestern  Pennsylvania  where  work  had 
lapsed  since  surcease  of  activities  of  the  Second  Survey.  The  corre- 
lation of  the  oil  sands  and  attempts  to  tie  them  in  with  the  stratig- 
raphy of  northeastern  Ohio  brought  out  new  difficulties.  It  had 
been  correctly  observed  by  I.  C.  White  that  the  Corry  sandstone  of 
Pennsylvania  and  the  Berea  of  Ohio  are  one  and  the  same  thing. 
The  concept  of  the  presence  of  marine  beds  of  Mississippian  age  in 
northwestern  Pennsylvania  loomed  large  before  the  successive  in- 
vestigators. Butts  (20),  in  his  work  for  the  Third  Geological  Sur- 
vey Commission  of  Pennsylvania,  reported  in  1906-1908  the  first 
really  careful  attempt  accurately  to  trace  formations  from  the  north- 
west (Warren  area)  south  and  southeast,  chiefly  along  the  Allegheny 
River  and  then  across  country,  to  the  Allegheny  Front  region,  there 
to  tie  in  with  already  known  Upper  Devonian  sections. 

The  last  two  decades  have  brought  out  several  papers.  The  term 
Bradfordian  for  the  supposed  Mississippian-Devonian  transition  beds 
was  adopted  and  Avidely  used,  but  uoav  seems  likely  to  be  discarded 
(35).  ChadAvick  (53)  and  VerWiebe  (219,  220)  offered  suggestions, 
in  part  in  use  today.  In  1934  appeared  Caster’s  “The  Stratigraphy 
and  Paleontology  of  XortliAvestern  Pennsylvania’’  (33).  Based 
upon  years  of  study,  this  is  a useful  contribution  to  the  stratigraphy 
of  the  region.  ITnfortunately  it  devotes  many  pages  to  a system  of 
stratigraphic  nomenclature  of  Caster’s  OAvn,  and  very  little  space  to 
thicknesses,  comparatiAm  sections,  and  has  no  geologic  miap  at  all. 
It  still  leaves  much  unfinished  Avork  for  others  to  undertake.  Under 
the  impetus  of  reneAved  activity  in  our  oil  and  gas  fields,  the  Penn- 
sylA^ania  Topographic  and  Geologic  Survey  is  even  noAv  pushing  to- 
Avard  eulumination  its  detailed  instrumental  survey  of  the  north- 
Avestern  region.  Fettke’s  sub-surface  studies  and  correlations  and 
his  Avork  on  the  Bradford  Oil  Field  (94)  are  among  the  results  so  far 
published.  Cathcart  and  Fettke  haA^e  collaborated  further  in  this 
region;  and  Cathcart  (37,  38,  39,  40,  41,  42  and  unpublished  data) 
for  several  years,  has  concentrated  his  Avork  upon  the  area.  Through 
carefully  measured  sections  and  precise  mapping,  he  has  produced 
refinements  of  correlation  AA'hich  Caster  did  not  give.  Because  Cath- 
cart’s  AA^ork  is  thus  complimentary  to  that  of  Caster,  betAveen  these 
parties  and  others  av.?  Avere  fast  reaching  a clear  and  complete  under- 
standing of  the  late  Devonian  and  Mississippian  stratigraphy^  of  north- 
Avestern  Pennsylvania  Avhen  Cathcart  resigned  from  the  Survey. 

The  folloAAung  table,  checked  by  Cathcart,  and  compiled  from 
A’arious  sources,  but  draAving  largely  upon  Caster’s  thesis,  supple- 
mented by  ChadAvlck’s  observations,  and  personally  reAueAved  by  me 
in  the  field,  attempts  to  sum  up  the  succession  as  it  noAV  stands  for 
nortliAvestern  Pennsyh'ania ’s  DeA'onlan  rocks.  As  explained  farther 
on,  the  diA'isions  cited  are  taken  in  part  from  the  NeAV  York  sequences, 
because  all  are  not  fully  exposed  in  nortliAvestern  Pennsylvania. 
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TABLE  XXVII,  DEVONIAN  SEQUENCE  IN  NORTHWESTERN  PENNSYL- 
VANIA AND  SOUTHWESTERN  NEW  YORK 


I.  C.  White,  1881,  General  Succession 

Erie  and  Crawford 
counties 


MISSISSIPPIAN  SA’STEM  (Basal,  according-  to  Caster) 


Knapp  “formational  suite” 
Kushequa  shale  member 
(Marvin  Creek  limestone  zone) 


Knapp  conglom- 
erate and  shale 
of  authors 


Riceville  shale 


1st  Venango,  Salamanca 
Upper  blue  shale 


2nd  Venango 
Lower  shale  (red,  blue) 
3rd  Venango,  Panama, 
LeBoeuf  and  Chemung 
conglomerates  to  east 


DEVONIAN  SA'STEM 


Conewango  group 

Riceville  formation 

Oswayo  shale  member 
Roystone  coquinite  member 
Venango  formation 

) Catta- 
Sala-  I raugus 
manca  L red 
“forma- 1 beds 
tional  1 farth- 
suite”  J er  east 


Woodcock  sandstone  member 
Tuna-Kilbuck  conglomerate  lens  | 

Saegerstown  shale  member  I 

Pope  Hollow  conglomerate  1 

North  Warren  shale  member  | 

Bimber  Run  conglomerate  | 


member  j 

Amity  shale  member 

Panama  conglomerate  member  (Wolf  Creek 
conglomerate) 


Chemung  shale 


Girard  shale 


Portage  shales 


Conneaut  group  (Chautauquan  of  Caster) 
Chadakbin  formation 
^ Tanners  Hill  red  zone 

I Ellieott  shale  member 

I Dexterville  shale  member 

i-  Lillibridge  sandstone  member 

[ Girard  formation 
V Girard  shale  member 
Cuba  sandstone  member 

'Canadaway  group 

Northeast  shale 
Shumla  sandstone 
- Westfield  shale 
Laona  sandstone 
Gowanda  beds 
- Dunkirk  black  shale 

Chemung  group 

Fall  Creek  conglomerate 
Wellsburg  formation 
Cayuta  formation 

Portage  group 

Fails  to  come  to  the  surface  in  the 
northwestern  sections. 


f Undifferenti- 

> ated  in  central 
J Pennsylvania 
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The  foregoing  table  illustrates  an  early  interpretation  of  the  ex- 
posed Upper  Devonian  of  northwestern  Pennsylvania,  and  south- 
western New  York  and  the  present  status  of  the  nomeiiclatorial  prob- 
lem. At  the  left  is  the  succession  as  ascertained  by  I.  C.  White  and 
published  back  in  1881  (227).  Of  all  the  Second  Survey’s  volumes 
on  our  northwestern  counties,  this  is  nearest  the  truth  according  to 
modern  standards  of  interpretation.  In  many  respects  AVhite’s  in- 
terpretat  on  has  been  merely  elaborated  upon,  but  not  vastly  improved 
by  subse(iuent  workers.  AA^hite’s  divisions  are  valid  and  applicable 
in  the  region  on  which  he  concentrated  his  work.  They  become 
progressively  less  usable  eastward.  Ills  Riceville  shale  includes  in 
its  top,  beds  now  thought  to  belong  to  the  basal  Alississippian  (Knapp 


Photograph  hy  George  II.  Ashley 


Figure  67.  “Portage”  shales  of  I.  C.  White,  exposed  on  the  shore  of  Lake 

Erie,  Erie  County. 


shale,  Alarvin  Creek  limestone),  and  its  lower  part  is  assignable  to 
the  Devonian  system  (post-A^enango  units).  AVhite  correctly  identi- 
fied the  three  AYnango  oil  sands  and  their  intervening  shales.  Tie 
erred  in  correlating  the  highest  with  the  Salamanca,  but  the  mistake 
was  natural  and  is  a small  matter.  His  use  of  Chemung  shales,  was, 
for  that  time,  va’id.  as  the  term  Chemung  was  commonly  applied  to 
all  post-Portage  marine  Devonian.  The  Girard  shale  is  a well-estab- 
lished unit,  though  his  placing  it  in  a bracket  etiuivalent  in  unit  value 
to  Chemung  and  Portage  is  illogical.  AA'hite’s  designation  of  the  still 
older  shales  exposed  along  Lake  Eide  as  Portage  is  now  discounted 
as  fully  as  his  “Chemung  shales.”  Nevertheles-,  this  correlation, 
considering  the  lithology  and  dearth  of  fossils  in  the  Canadaway 
group,  was  entirely  warranted. 
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The  hand,  column  of  the  table  attempts  to  show  the  present 

understandaig  of  the  Devonian  sequence  in  northwestern  Pennsyl- 
v'ania.  It  is  not  necessarily  final,  and  is  subject  to  change,  par- 
ticularly any  revision  based  upon  continued  work  of  Catheart*  in 
this  region.  It  is  not  to  be  assumed  that  this  is  the  sequence  of  any 
one  section  or  county,  but  it  is  a compilation  for  the  region  from,  let 
us  say,  Potter  County  west  to  the  Ohio  line,  plus,  for  completeness, 
the  Canadaway  as  exposed  along  the  shore  of  Lake  Erie  from  Erie 
County  northeastward  into  New  York  to  the  type  locality  of  the  Dun- 
kirk black  shale  at  Dunkirk.  The  marine  Chemung  gives  the  sub- 
divisions for  that  group  in  south-central  New  York  and  north-central 
Pennsylvania.  Occasional  notes  of  synonymy  are  incorporated  in  this 
table,  but  correlation  is  largely  left  for  later  pages  when  the  matter 
of  the  continental  Devonian  mil  be  reviewed  (Chapter 

The  major  units  of  the  Chautauquan  division  of  the  marine  I.Tpper 
Devonian  now  recognized  in  part  or  in  their  entirety  in  northwestern, 
north-central  and  central  Pennsylvania  are  four,  the  Conewango,  Con- 
neaut,  Canadaway  and  Chemung  groups  (45,  46,  47,  51,  52).  The 
higher  two  are  practically  confined,  as  far  as  surface  exposures  go, 
to  the  northwest.  The  Canadawaj^  as  such  is  probably  not  typically 
exposed  in  its  entirety  in  the  State.  The  Chemung  only  has  been 
recognized  in  the  large  area  of  marine  LTpper  Devonian  of  central 
Pennsylvania  embraced  roughly  between  the  Allegheny  Front  and 
the  main  Susquehanna  A^alley.  These  terms  for  the  major  divisions, 
like  all  others  here  applied,  are  to  be  considered  as  still  tentative.  It 
is  necessary  to  adopt  some  sort  of  nomenclature  for  the  sequence,  and 
those  proposed  by  Caster  {op.  cit.)  in  Pennsylvania  and  Chadwick 
{op.  cit.)  in  New  York  are  the  bads  for  that  here  employed.!  In 'his 
papers,  “Chemung  is  Portage”  (52)  and  “Faunal  Differentiation  in 
the  Upper  Devonian”  (51),  Chadwick  has  set  down  what  appears  to 
be  a reasonable  basis  for  distinguishing  these  groups.  Ilis  statement 
“Chemung  is  Portage”  may  be  a misleading  reiteration  of  what  James 
Hall  noted  and  plainly  described  nearly  a eenturj^  ago.  The  name 
Chemung  is  not  synonymous  with  the  name  Portage,  although  Chad- 
wick’s equivocal  title  might  cause  one  to  think  them  so.  Actually, 
the  Chemung  in  its  type  locality  is  a continuation  upward  from  the 
Senacan  (Portage)  of  the  arenaceous  marine  “magnafacies”  of  the 
Upper  Devonian;  and,  instead  of  being  synchronous  with  the  Portage, 
it  is  merely  a continuation  of  earlier  established  neritic  conditions. 
The  two,  Chemung  and  Portage,  are  faunally  distinguishable.  The  cor- 
relation westward  of  these  sandy  beds  with  the  pelitie  “magnafacies,” 
the  Nap  es  and  superjacent  shales,  has  been  changed  so  often  recently, 
chiefly  through  Chadwickian  vacillations,  that  one  is  tempted  to 
abandon  the  whole  problem  in  disgust.  Nevertheless,  allowing  that 
Chadwick’s  faunal  lists  for  the  groups  are  correct,  in  them  there  is 
a valid  and  convenient  means  of  distinguishing  the  four  Chautauquan 
groups.  Furthermore,  there  are  lithic  data  to  substantiate  the  faunal. 
These  will  be  cited  in  due  time.  In  fact,  aside  from  my  doubt  as  to 

* S H Ca^hcart  res''fnipd  f om  the  Pennsylvan-a  Gfolonrical  Survey  'n  Oc*ob“r  1937. 

t Actually,  there  is  no  guarantee  that  these  terms  will  stand.  When  the  bickering  is 
QTr--  „ rhaps  a totally  d.ff.rcnt  set  of  names  for  this  inrffensive  sequence  wiil  be  foisted 
upon  us. 
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the  final  correlation,  there  is  little  reason  for  not  accepting  his  classi- 
fication of  major  units.  I am  using  Conneant  Group  (Chadwick) 
rather  than  Chautauquan,  in  the  restricted  sense  redefined  by  Caster, 
because  I believe  the  former  term  is  less  likely  to  cause  confusion.  In 
redefining  Chautauquan  in  a narrower  sense.  Caster  uses  a term  which 
is  of  long  .standing  and  has  come  to  be  recognized  as  including  all 
the  post-Portage  Upper  Devonian.  T prefer  to  keep  it  unrestricted 
and  use  it  in  this  sense,  as  it  thus  fills  a place  where  there  is  definite 
need  for  such  a term,  the  Cliautauquan  division. 

Chemung  Group 

Tlie  lowest  of  the  four  gi’Ciqis  comprising  the  Chautauquan  divi- 
sion of  the  Fpjier  Devonian  is  the  Chemung.  With  the  First  and 
Second  Pennsylvania  Geological  Surveys,  the  Chemung  was  a case  gf 


Photograph  hy  Bradford  Willard 


Figure  68.  Chemung  shale,  near  Susi[uehanna,  Susquehanna  County. 

mistaken  identitfy.  As  pointed  out  iii  describing  the  Portgage  group, 
the  two.  Portage  and  Chemung,  were  invariably  confused.  Probably 
this  is  largely  to  be  traced  to  misunderstanding  dames  Hall,  who  in 
1843  iminted  out  that  the  type  Chemung  at  Chemung  Narrows,  New 
York,  is  to  all  intents  and  purposes  a continuation  lithologically  and 
faunally  of  the  Portage  sandstones.  Hall  (11.1)  said,  “It  may  thus 
happen  that  the  fossils  so  typical  of  the  Chemung  group  commenced 
their  existence  in  the  eastern  part  of  New  York  much  earlier  than  in 
the  western  part;  and,  therefore,  the  strata  equivalent  in  age  to  the 
Portage  group  may  there  contain  fossils  which  at  the  west  appear  at 
a much  later  period.”  No  truer  word  was  ever  s]mken,  but  Ilall  did 
distinguish  the  Chemung  fauna  from  the  Portage.  Had  my  more 
recent  predecessors  of  the  Second  Survey  in  Pennsylvania  followed 
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Rogers  in  working  out  their  own  salvation  through  an  independent 
system  of  nomenclature  instead  of  trying  to  adopt  and  adapt  the  yet 
unfinished  New  York  system,  they  might  have  made  a more  enviable 
record.  The  Second  Pennsylvania  Survey  geologists  sometimes 
thought  they  knew  the  difference  between  Chemung  and  Portage,  but 
usually  their  distinctions  fail  to  stand  the  test.  A single  instance  is 
I.  C.  White’s  glaring  error  in  reporting  Chemung  in  Monroe  County 
(228).  To  him  “ Spirifer”  disjunotus  and  “ Spirifer”  mesatrialis 
were  indistinguishable. 

Distribution  and  thickness.  The  marine  beds  of  Chemung  age  in 
Pennsylvania  overlie  the  Portage  group  (Trimmers  Rock  sandstone, 
Parkhead  sandstone  or  Brallier  shale)  throughout  most  of  central 
Pennsylvania,  that  is,  the  region  between  the  Allegheny  Front  and  the 
Susquehanna  River  and  south  to  the  Maryland  line  in  Bedford  and 
Fulton  counties.  They  also  crop  out  sporadically  along  the  North 
Branch  of  the  Susquehanna  to  the  New  York  line,  particularly  in 
Susquehanna  County  and  westward.  The  “Chemung”  which  I re- 
ported on  Chestnut  Ridge  in  southwestern  Pennsylvania  is  perhaps 
younger  (237,  248). 

The  thickness  varies  from  zero  on  a line  drawn  from  Dauphin 
County  north  to  Northumberland  and  east  to  Luzerne  County  to  a 
maximum  of  3,000  to  3,400  feet  along  the  Allegheny  Front  between 
Altoona  (the  Horseshoe  Curve  section)  and  Lock  Haven  along  the 
West  Branch  of  the  Susquehanna.  These  figures  fake  partial  cogni- 
zance of  the  recurrent  Chemung  faunules  in  the  lower  portion  of  the 
continental  red  beds.  (See  Figures  70  and  93.) 

Limits,  character,  fauna  and  correlation.  The  Chemung  group  in 
south-central  New  York  and  adjacent  Pennsylvania  consists  of  the 
following  divisions : 

Wellsburg  formation : thin-bedded  sandstone  and  shale  to  flaggy  sand- 

stone and  coquinite  lenses.  Fall  Creek  conglom- 
erate locally  at  top. 

Cayuta  formation : drab  to  bluish  shale  and  thin  sandstones. 

In  Maryland  the  Chemung  group  is  called  the  Chemung  sandstone 
member  of  the  Jennings  formation  (143),  of  which  it  is  the  highest 
division.  Below,  it  is  reported  to  intergrade  faunally  and  lithogically 
with  the  Parkhead  sandstone  which  is  different  chiefly  in  lacking 
“Spirifer”  disjtinctus.  The  upper  limit  of  the  Chemung  in  Maryland 
is  drawn  wherever  the  Catskill  red  beds  appear.  The  Maryland 
Geological  -Survey  does  not  recognize  the  Wellsburg  or  Cayuta  forma- 
tions, but  sub-divides  the  Chemung  into : 

5.  Upper  shale  and  sandstone  beds 

4.  Upper  conglomerate 

3.  Middle  shale  and  sandstone  beds 

2.  Lower  conglomerate 

1.  Lower  shale  and  sandstone  beds 

Comparing  these  and  their  faunas  with  the  New  York  sequence  as 
recorded  chiefly  by  Williams  (263,  266),  number  1,  is  Camifa  in  age 
as  too  are  probably  the  lower  conglomerate  and  number  3.  In  this  the 
Parkhead  is  taken  to  be  of  Enfield  age.  The  remainder,  numbers 
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4 and  5,  are  thus  of  Wellsburg  age*.  These  affinities  are  based  partly 
upon  observations  of  the  Pennsylvania  sections  intermediate  between 
New  York  and  Maryland.  The  faunas  and  lithology  of  the  Chemung 
in  central  Pennsylvania  show  a trend  toward  the  Maryland  condi- 
tions as  traced  south,  and  toward  the  New  York  sequence  as  studied 
northward.  For  this  reason,  exact  correlation  with  the  typical  New 
York  sequence  is  rendered  increasingly  difficult  southward. 

Everywhere,  the  base  of  the  Chemung  group  in  Pennsylvania  is 
drawn  at  the  lowest  appearance  of  “ Spirifer”  disju.nctus.  This  and 
only  this  criterion  is  generally  available,  since  in  most  sections  there 
is  no  marked  lithologic  change  upon  which  to  separate  the  Chemung 
and  Portage  groups.  While  “Spirifer”  disjunctus  ushers  in  the 
Chemung,  it  may  not  be  designated  a Chemung  guide  fossil,  for  it 
is  known  that  its  vertical  range  extends  well  above  the  group.  Either 
it  or  closely  related  mutants  continue  even  into  beds  assigned  to  the 
Lower  Mississippian.  Chadwick  (71)  characterizes  the  Chemung 
fauna  by  the  presence  of : 

rUrophoncUa  coelata 
Dourilliiia  mucroiiata  (caijuta  auct.) 

Lcptostriiphia  vervosa 
Dahnanella  carinata 
Atrijpa  aspersa  (spinosa) 

lie  has  cited  a still  longer  list  of  fossils  which  appear  to  be  confined 
to  the  true,  restricted  Chemung,  but  the  above  list  is  sufficient. 

In  general,  the  Chemung  is  characterized  by  olive  or  olive-brown, 
of.en  gnarly  sandstones  and  olive  or  gray  shales.  This  lithology  is 
indistinguishable  from  the  subjacent  Trimmers  Rock  sandstone  with 
which  it  forms  the  neritie  “ magnafacies”  of  the  Upper  Devonian  ma- 
rine olf-lap  deposits  of  central  Pennsylvania.  Similarly,  it  is  distin- 
guished from  the  Parkhead  chiefly  by  fossils,  but  here  there  does  seem 
to  be  some  lithic  dissimilarity.  In  Bedford  and  Pulton  counties  what 
is  taken  to  be  a northward  continuation  of  the  Parkhead  member  of 
Maryland  is  rather  massive  sandstone  which  may  carry  pebbly  beds 
and  true  conglomerate.  The  overlying  Chemung  is  dominantly  sand- 
stone in  which  vast  quantities  of  Ambocoelia  nmbonata  (or  gregaria) 
occur,  a condition  strictly  in  accord  with  that  observed  in  southern 
New  York  and  northern  Pennsylvania. 

The  following  faunule  was  taken  near  Bedford  in  Bedford  County 
and  illustrates  clearly  the  biologic  character  of  the  basal  Chemung  in 
soutu-central  Pennsylvania.  In  this  instance,  as  is  usual  in  these 
parts,  “Spirifer”  disjunctus  is  very  rare,  and  Ambocoelia  nmbonata 
is  abundant : 


Pterinea  chemungensis 
P.  rcvcrsa 

Bgssopteria  radiafa 
Gon iophora  chemungensis 


Crinoitlea,  coluinnals 

Leptostrophia  intcrstrialis  (Vanuxem) 

Douvillina  cayuta  (Hall) 

Produrtella  lachrymosa  (Conrad) 

P.  spvciosa  Hall 

iSchizopUoria  striatula  (Schlotheim) 


Atrypa  reticularis  (Linnaeus) 
“Spirifer”  d isjunctus  Sowerby 
“S.”  mesacosfalis  Hall 
Amhocnelia  umhonata  (Conrad) 
Pterinea  intcrstrialis  Hall 
Pelecypod,  indet. 


* Because  Athyris  angelica  is  reported  from  number  5 only  and  at  but  one  locality  in 
Maryland,  post-Chemung  marine  beds  are  essentially  absent  in  that  State. 
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For  comparison  with  the  above,  note  the  following  Parkhead 
faunule  from  Cove  Creek  Valley  in  southern  Fulton  County: 


Crinoidea,  columnals 
Cho  etcs  scitnlus  Hall 
L orhynchus  ? 

Camarotoechia  congregata  var. 

p-  rkhcadcnsis  Clarke  and  Swartz 
C.  horsfordi  (Hall) 

Tropidolcptus  curinatus  (Conrad) 


‘Spirifer”  mesastrialis  Hall 
“jS.”  mucronatua  var.  posterns  Hall 
a.  d rlarke 

“S."’  niarcyi  var.  superstes  Clarke 
and  Swartz 

Grammysia  suiarcuata  Hall 
Actinopieria  sp. 

Cypricardellu  sp. 


In  Perry  County  the  supposed  Parkhead  is  chocolate-colored  sand- 
stone. From  its  color  and  position,  practically  at  the  base  of  the 
Chemung  age  red  beds,  it  presents  conditions  analogous  to  those 
under  which  the  Chadakoin  (mentioned  below)  formed,  but  is,  of 
co,.rse,  much  older.  Where  the  Chemung  overlies  the  Brallier  shale, 
the  lithologic  ineciuality  readily  distinguishes  the  two.  In  explana- 
tion I repeat,  that  the  Chemung  lithologically  is  nothing  more  or  less 
than  a continuation  of  the  Trimmers  Rock  arenaceous  phase  of  the 
Portage  group,  that  is,  the  neritic  “ magnafaeies”  of  the  Upper  Devon- 
ian marine  beds  which  laps  westward  and  northwestward  over  the 
Brallier  shale,  the  peltic  “magnafaeies.” 

The  definition  of  the  top  of  the  Chemung  is  quite  another  question. 
In  southwestern  New  York,  Chadwick,  in  his  latest  utterance,  has 
drawn  it  at  the  base  of  the  Dunkirk  black  shale.  Farther  east,  the  Fall 
Creek  conglomerate  is  taken  to  be  the  highest  unit  of  the  Chemung 
(Chadwick  suggests  it  is  slightly  younger).  From  its  type  locality  in 
northern  Bradford  County,  this  conglomerate  is  supposed  to  extend 
into  New  York  State.  The  Dunkirk  black  shale  and  Fall  Creek  con- 
glomerate are  wanting  in  central  Pennsylvania  as  stratigraphic 
cr.teria  for  determining  the  top  of  the  Chemung.  L kewise,  the  Wells- 
burg  and  Cayuta  formations  of  the  New  York  Chemung,  probably 
present  in  northeastern  or  north-central  Pennsylvania,  have  been 
dubiously  distinguished  in  the  great  body  of  Chemung  age  sandstones 
and  shales  in  the  central  part  of  the  State.  There,  any  subdivision 
or  correlation  is  largely  founded  upon  faunal  data.  Even  these  are 
sometimes  obscure  because  of  changes  southward.  In  the  section 
above  Lock  Haven  what  was  taken  to  be  the  “Third  Tropidoleptus 
zone”  of  Williams  (266)  should,  if  correctly  identified,  establish  the 
approximate  base  of  the  Wellsburg. 

The  following  fauna  from  this  section  illustrates  this  point : 


Anloporaf 

Crinoidea,  columnals 
Fenestella  sp. 

Bryozoa,  indet. 

Ltngnlclla  sp. 

Leptostrophia  interstrialisf  (Van- 
uxem) 

L.  sp. 

Donvillina  cf.  cayuta  (Hall) 
^chuchcrtella  chemungensis  (Con- 
rad) 

Productella  lachrymosa  (Conrad) 
Dalmanella  tioga  (Hall) 


Gchi'’onhir'n  strin^nln  (S^nio^-heim) 
Camarotoechia  eximia  (Hall) 
Liorhynchus  mesacostale  Hall 
Tropidoleptus  carinatus  (Conrad) 
‘"Spirifer”  disjunctus  Sowerby 
“S.”  mesacoatalis  (Hall) 
Ambocoelia  umhonata  (Conrad) 
Palaeoneilo  sp. 

Pterinia  chcm  nngensis  (Conrad) 

P.  chemungensis?  (Conrad) 

P.  sp. 

Pelecypod,  indet. 

Fucoids 
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Nowhere  in  central  Pennsylvania  has  the  presence  of  any  marine 
Devonian  later  than  the  Chemung  been  proved.  In  other  words, 
throughout  the  central  part  of  the  State,  the  continental  Catskill 
facies  everywhere  became  the  dominant  form  of  sedimentation  and 
overlapped  the  marine  before  the  close  of  Chemung  time;  not  so  in 
north-central  Pennsylvania.  The  presence  of  post-Chemung  marine 
beds  is  well  established  there,  for  the  advent  of  Athyris  angelica, 
found  in  Tioga  and  Bradford  counties,  etc.,  marks  the  beginning  of 
the  beds  assigned  to  the  Canadaway  group.  lu  this,  Chadwick’s 
definition  is  accepted. 

I reported  Chemung  in  southwestern  Pennsylvania,  particularly  in 
Payette  County  on  Chestnut  Ridge  east  of  Uniontown,  in  the  Cone- 
maugh  gorge  west  of  Johnstow)i  (237).  In  Payette  County,  the  south- 
westernmost  known  exposures  of  marine  Devonian  in  Pennsylvania 
are  found  on  Chestnut  Ridge  (195,  196,  197,  149).  Possiliferous  beds 
are  capped  by  pebbly  strata  assigned  to  the  Pocono  with  no  Catskill 
red  beds  between.  West  of  Johnstown  in  the  Conemaugh  gorge  the 
relations  are  similar  on  the  west  flank  of  the  Laurel  Hill  anticline, 
but  on  the  east  flank  some  red  beds  occur  underneath  the  Pocono. 
Since  working  there,  and  publishing  npy  account,  additional  data  have 
come  to  my  attention,  but  I am  inclined  to  hold  to  my  original  idea. 
Caster  (248),  however,  is  of  another  mind,  contending  that  the  marine 
Devonian,  particularly  on  Chestnut  Ridge,  is  somewhat  younger. 
Granting  that  some  of  the  fossils,  as  he  states,  indicate  that  the  beds 
may  belong  to  the  Conewango,  there  is  also  present  an  element  sug- 
gesting the  pre-Chemung,  Parkhead  fauna  of  Maryland.  While  I 
admit  that  Caster’s  suggestion  is  valuable  and  is  reasonable  if  based 
solely  upon  northwestern  Pennsylvania  conditions,  I still  hold  that 
my  original  suggestion  is  just  as  plausible.  The  fauna,  containing 
elements  of  both  pre-  and  post-Chemung  significance,  lies  geographi- 
cally intermediate  between  places  where  the  Parkhead  (older,  to 
southeast)  and  Conewango  (younger,  to  northwest)  are  exposed.  Sup- 
posing the  usual  northwestward  off-lap  to  have  taken  place,  we  might 
assume  a progressive  faunal  change  with  dropping  out  of  older  and 
acquisition  of  younger  elements  sucee.ssively.  These  faunas  did  not 
arise  through  “spontaneous  generation,”  but  lived  long  and  migrated 
far.  The  lithology  supports  such  a theory.  Being  a way  station, 
we  might  reasonably  expect  that  on  Chestnut  Ridge  the  fauna  of  the 
true  Chemung  could  contain  mingled  elements  of  both  younger  and 
older  groups.  If,  as  some  suppose,  there  is  a marked  Devonian-Mis- 
sissippian  disconformity  over  a considerable  part  of  southwestern 
Pennsylvania,  this  supposition  is  further  upheld  through  the  probable 
absence  of  the  highest  marine  Devonian.  The  occurrence  of  red  beds 
in  the  Johnstown  section  is  further  evidence  of  greater  antiquity  and 
progressive  off-lap,  as  the  red  is  unrecorded  from  the  Conewango  of 
the  northwest. 

The  Canadaway  Group 

The  Canadaway  group  has  been  defined  by  Chadwick  as  follows : 

To  the  pseiKlo-Chemung,  later  beds,  from  the  base  of  tlie  Dunkirk  to  the 
base  of  the  Cuba  sandstone,  the  writer  proposed  to  apply  the  substitute 
and  distinctive  name,  CANADAWAY  GEOUP.  . . . 
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On  Canadaway  Creek  the  members  of  this  group  are  (a)  Dunkirk  black 
shale,  (b)  Gowanda  beds,  formerly  Portland  (preoccupied),  (c)  Laona 
sandstone,  (d)  Westfield*  shale,  (e)  Shumla  sandstone,  (r)  Northeast  shale, 
the  “Portage”  of  Erie  County,  Pa.  On  the  Genesee  River,  the  Dunkirk 
is  passing  into  the  Canaseraga  sandstone  phase,  sometimes  included  in 
the  Prattsburgh  sandstone  still  farther  east ; the  Gowanda  assumes  a 
“Chemung”  facies,  locally  the  Caneadea  shale;  the  Laona  and  Shumla 
combine  into  the  Rushford  sandstones;  the  Northeast  has  long  since  become 
the  Machias  beds  of  “Chemung”  facies.”  (52,  51) 

Thus,  the  Canada  way  group  overlies  the  Chemung.  From  Chad- 
wick it  seems  that  the  Dunkirk  or  its  equivalent  eastward  includes 
the  Fall  Creek  conglomerate,  but  this  correlation  seems  doubtful.  I 
shall  simply  say  that  the  group  is  included  between  the  base  of  the 
Dunkirk  and  the  base  of  the  Cuba.  It  is,  of  course,  the  succession 
to  which  I.  C.  White  applied  the  misnomer  “Portage  shales.’’  It  is 
divided  in  southwestern  New  York  and  on  into  northwestern  Penn- 
sylvania into  five  units : 


Northeast  shale 
Shumla  sandstone 
Westfield  shale* 
Laona  sandstone 
Gowanda  beds 
Dunkirk  black  shale 


As  quoted  above,  these  gradually  pass  eastward  into  the  coarser  elastic 
deposits  of  the  neritic  “magnafaeies”  which  immediately  succeeds  the 
lithologically  similar,  faunally  district,  true  Chemung.  The  thick- 
ness ranges  from  about  400  in  the  shaly  to  800  feet  in  the  sandy 
facies  of  the  Canadaway.  The  shales  of  the  Canadaway  groups  are 
not  fully  represented  in  Pennsylvania  at  the  surface,  but  in  Bradford 
and  Tioga  counties  sandier  beds  assigned  to  the  Canadaway  are 
known.  These  rest  to  the  east  upon  the  Chemung,  from  which  they 
are  distinguished  principally  by  the  appearance  of  Athyris  angelica 
and  Produciella  lacJirymosa  var.  stigmata.  Chadwick,  again,  has  fur- 
nished a long  list  of  what  he  considers  diagnostic  species  of  this  group. 
Locally,  particularly  in  Bradford  County  the  Luthers  Mill  coquinite 
and  similar,  closely  related  beds  appear  in  the  top  of  the  New  Mil- 
ford group  of  sandy  beds  whose  lower  part  is  of  Chemung  age.  The 
coquinite  is  believed  to  mark  quite  closely  the  base  of  the  Canadaway. 
A characteristic  Canadaway  faunule  from  Bradford  County  (Frank- 
lindale  Narrows)  reads  {Cf.  p.  292)  : 


Crinoidea,  columnals 
Stropheodonta  demissa  (Conrad)? 
Schuchertella  chemungensis  (Con- 
rad) 

Productella  lachrymosa  var.  stig- 
mata Hall 

Camarotoechia  sappho  Hall 
C.  stevensl  Hall 
C.  contracta  Hall 
C.  sp. 

Cryptonella  eudora  Hall 
“Spirit er"  disjunctus  Sowerby 


“S.”  mesacostalis  Hall  (may  be  S. 
wilUamsi) 

Athyris  angelica  Hall 
Grammysia  elliptica  Hall 
Sphenotus  contractus  Hall 
Leptodesma  propinqua  Hall 
L.  orcus  Hall 
L.  becki  Hall 
L.  sociale  Hall 
Schizodus  sp. 

Orthoceras  sp. 

Pisces,  undetermined  spines 


* This  name  appears  to  be  preoccupied. 
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Tlu’ouo’'  out  this  reo-ion  of  eastern  Bradford  and  western  Susque- 
hanna counties,  the  Canadaway  beds  are  passing-  over  eastward  and 
upward  into  the  continental  facies.  Therefore,  hereabouts,  the 
Canadaway  can  be  but  roughly  delimited.  Its  upper  boundary  would 
be  quite  obscure  were  it  not  for  the  fact  that  the  Cherry  Ridge  red 
member  to  the  east  can  be  traced  westward  above  the  Honesdale  as 
the  latter,  a gray-green  continental  member,  changes  to  Canadaway 
marine  sediments  westward.  The  Cherry  Ridge  red  beds  are  here 
(Bradford  County)  closely  equal  to  the  so-called  Cattaraugus  of 
northern  Tioga  County,  which  itself  rests  upon  marine  strata  called 
“Chemung”  by  authors,  but  probably  of  late  CanadaAvay  age.  How- 
ever, the  age  of  the  base  of  the  Cherry  Ridge  or,  westward,  the 
Cattaraugus,  is  rising,  so  that  in  western  Potter  County  the  basal  red 
beds  probably  are  of  early  Conewango  age  and  in  the  eastern  part  of 
that  County  are  assignable  to  Conneant. 

Just  where  the  top  of  the  Canadaway  may  pass  below  ground  west- 
ward is  uncertain,  but  presumably  this  takes  place  somewdiere  in 
Potter  County.  The  maximum  thickness  of  the  Canadaway  may  be 
500  to  600  feet  in  Tioga  County. 

Conneaut  Group 

The  Conneant  group  51  and  52  embraces  the  beds  which  reach 
from  the  base  of  the  Cuba  sandstone  to  the  base  of  the  AVolf  Creek  (or 
Panama)  conglomerate.  In  these,  the  fauna  of  the  preceding  Canada- 
way has  been  modified  by  loss  of  “ Spirifer”  incsacosfalis  and  accession 
of  Cainarotoechia  (?)  duplicafa.  Chadwick  lists  many  supposedly 
characteristic  fossils,  but  the  above  mentioned  faunal  change  seems  to 
define  the  base  of  the  group.  This  is  the  group  that  Caster  (33) 
called  by  the  redefined  and  restricted  name  Chautanquan,  a matter 
already  d’seussed  in  the  present  report.  Beds  of  probable  Conneaul 
age  are  found  in  Potter  County  below  the  base  of  what  is  called  the 
Cattaraugus  red  shale.  The  base  of  the  Conneaut  is  often  doubtfully 
drawn,  for  the  Canadaway  and  Conneaut  have  not  aBvays  been  satis 
factorily  separated  because  of  the  failure  to  find  diagnositic  fossils 
and  the  absence  of  the  Cuba  sandstone.  East  of  McKean  or  western 
Potter  County,  the  Conneant  is  obscure.  But  from  that  region 
westward  what  I take  to  be  a remnant  of  the  Cuba  sandstone  marks 
the  lower  limit  of  the  Conneaut  group. 

Caster  (33)  has  divided  the  group  into  several  minor  i^nts  clis- 
tr'bnted  among  the  Chadakoin  formation  (“stage”  of  Caster)  above 
and  the  G'rard  formation  (“stage”)  below.  The  latter  is  composed 
of  I.  C White’s  Girard  shale  and  the  underlying  Cuba  sandstone 
which  matks  the  bottom  of  the  Conneaut  group.  The  Chadakoin  is 
a shaly  member  at  whose  base  Caster  places  the  Lillibridge  sand- 
stone; at  the  top  of  the  local  Tanners  Hill  red  zone  (of  Butts  21). 
The  literature  records  the  Chadakoin  as  the  “pink  rock”  of  drillers. 
At  the  surface,  these  beds  may  be  plum  or  chocolate.  However,  the 
color  has  little  correlative  or  diagnostic  significance,  as  the  late 
Devonian  marine  beds  generally  assume  such  a shade  in  passing  over 
into  the  continental  facies,  so  that  the  condition  may  be  duplicated 
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in  strata  ranging  from  the  Portage  up  in  Pennsylvania.  This  has 
already  been  cited  in  describing  the  color  of  the  supposed  Parkhead 
in  Perry  County. 

The  thickness  of  the  Conneaut  group,  based  upon  the  interval  be- 
tween the  bottom  of  the  Panama  conglomerate  and  the  bottom  of  the 
Cuba  sandstone,  is  approximately  525  feet.  The  beds  of  this  group 
are  not  clearly  distinguished  east  of  McKean  County,  and  are  best 
developed  west  of  it. 

Conewango  Group 

The  last  marine  division  of  the  sequence  of  the  marine  Devonian 
of  northwestern  Pennsylvania  is  the  Conewango  group.  The  name 
appears  to  have  been  first  proposed  by  Charles  Butts  (21)  iii  the 
Warren  aiea  for  marine  beds  equal  to  the  Oswayo  and  Cattaraugus 
farther  east,  and  as  so  applied  was  equivalent  to  the  lower  part  of 
the  Riceville  and  the  Venango  group  farther  west  as  determined  by 
I.  C.  White.  Butts’s  definition  is  retained  unaltered.  In  north- 
western Pennsylvania,  the  base  of  the  group  may  be  recognized  by 
the  Panama  conglomerate  (3rd  Venango  oil  sand).  The  base  of  the 
Knapp  conglomerate  approximately  mark  its  top.  Paleontologically, 
Chadwick  furnishes  a long  list  of  “diagnostic  fossils.”  He  cites  the 
folloAving  genera  as  apparently  confined  to  the  Conewango:  Tylodictya, 
Mytilops,  Pegasella,  Palaeanatina,  Prospiraxis,  Ganorluynchus,  Apedo- 
dus  and  Thinopus.  The  last  of  these  Caster  is  inclined  to  consider 
Mississippian  (quoted  in  241). 

Like  ihe  preceding  Conneaut,  the  Conewango  group  is  not  easily 
distinguished  eastward  as  the  Panama  dies  out.  Although  the 
Os3vayo  and  the  Cattaraugus  are  persistent,  the  former  loses  its 
marine  contents,  and  the  latter  thickens  downward  and  cuts  into 
older  marine  beds.  As  the  group  becomes  fully  marine  westward, 
it  is  separated  into  two  formations  (“stages”  of  Caster).  Above  is 
t'  e Ricev.de  which  is  essentially  marine  Oswayo  with  a fossiliferous 
band,  sometimes  a coquinite,  at  the  base,  svell  developed  in  the  neigh- 
borhood of  Bradford.  Below  is  the  Venango  formation.  Tois  con- 
tains a number  of  lesser  units.  Among  them  are  three  prominent 
sandstone  or  conglomerate  bands,  the  Woodcock  at  the  top.  Pope 
Hollow  and  Bimber  Run  (Salamanca,  in  part,  of  authors)  in  the 
med  an  part  and  the  Panama  at  the  base.  These  are  the  First,  Sec- 
ond and  Third  Venango  oil  sands,  respectively,  of  I.  C.  White  and 
most  reports  on  northwestern  Pennsylvania.  They  are  separated  by 
certain  shales  as  noted  in  Table  XXVII,  page  246.  A thickness  of 
approximately  300  feet  can  be  assigned  the  group  in  Pennsylvania 
from  Warren  County  westward. 

DEVONIAN-MISSISSIPPIAX  CONTACT 

Almost  3vith  the  first  studies  of  the  stratigraphy  of  northwestern 
Pennsylvan'a  and  southwestern  New  York  and  northeastern  Ohio 
controversy  raised  its  head  as  the  position  of  the  top  of  the  Devonian 
came  under  question.  The  later  marine  sequence  below  the  Clean 
conglomerate  may  not  be  readily  separable  upon  fossils,  structures  or 
litho’ogy  into  units  assignable  to  the  Devonian  a d Mississipp'an  sys- 
tems respectively.  Early  tendencies  p’aced  the  upper  boundary  of 
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the  Devonian  at  the  base  of  the  Glean  conglomerate  (basal  Pennsyl- 
vanian), assigning  thereby  all  the  marine  complex  below  it  to  the 
“Chemung”.  During  the  years  that  have  intervened  since  these 
early  investigations,  the  position  of  the  contact  has  fallen  and  risen 
as  the  tide  of  opinion  ebbed  and  flowed  with  the  whims  of  the  several 
investigators.  The  realization  that  the  non-marine  sub-Carboniferous 
represented  the  Mississippian  as  a vast  thickness  in  the  anthracite 
fields  and  thinned  northwestward,  and  also  that  that  system  was 
highly  developed  as  marine  strata  in  the  Mississippi  and  Ohio  valleys, 
led  to  the  belief  that  some  of  the  beds  of  northwestern  Pennsylvania 
could  be  assignable  to  that  system.  This  complicated  the  matter  by 
introducing  not  one  boundary,  as  between  the  Devonian  and  the  basal 
Coal  Measures,  but  two,  tire  Devoniaii-Mississippian  and  the  Missis- 
sippian-Pennsylvanian.  The  latter  was  readily  established  and  gen- 
erally agreed  upon  as  coming  at  the  base  of  the  Glean.  The  former 
has  caused  endless  argument.  Because  of  this  difficulty,  Girty  (101) 
introduced  the  term  Bradfordian  for  rocks  which  presumably  w'ere 
transitional  between  the  two  systems,  a use  in  part  analogous  to  I.  C. 
White’s  Riceville  shales.  Apparently  much  can  still  be  said  in  favor 
of  this  use,  but  at  present  opinion’s  pendulum  has  swung  to  the 
opposite  end  of  the  are,  and  those  purporting  to  be  best  informed 
would  have  us  believe  in  a sharp  break  between  the  Devonian  and  the 
Mississippian.’  The  ghost  of  the  Bradfordian  may  not  have  been 
successfully  laid  by  Caster  wdth  the  concurrence  of  Chadwick  and 
Torry,  but  for  the  present  I am  inclined  to  accept  Caster’s  views. 
Nevertheless,  what  break  there  is,  is  really  quite  trivial  both  faunally 
and  lithologically  so  that  perhaps  in  northwestern  Pennsylvania  we 
come  as  near  to  a Devonian-Mississippian  transition  as  can  be  ex- 
pected. I agree  with  Lesley  who  long  ago  expostulated  in  scathing 
denunciation  on  the  confining  artificiality  of  our  systemic  terminology. 

Briefly,  the  post-Devonian  succession  in  northwestern  Pennsylvania, 
that  is,  the  beds  above  the  Conewango  group  (Gswayo  shale)  as  used 
in  this  book,  may  be  summarily  abstracted  as  follow  (adapted  from 
Caster,  33)  : 

TABLE  XXVIII.  POST-DEVONIAN  SEQUENCE  OF  NORTHWESTEKN 

PENNSYLVANIA 

PENNSYLVANIAN 

Olean  conglomerate  (Sharon,  Garland,  Pottsville  of  authors) 
Disconformity 

MISSISSIPPIAN 

Kinderhook  group 
Crawford  formation 

Hempfield  shale  member 

Shenango  sandstone  member  (sub-Olean  conglomerate) 

Meadville  formation 
Upper  shale 
Upper  limestone 
Lower  shale 
Lower  limestone 
Sharpsville  formation 
Orangeville  formation 


DEVOXIAN-MISSISSIPPIAN  CONTACT 


255 


Oil  Lake  formation 

Corry  sandstone  (Berea) 

Cussewago  shale  and  limestone 
Knapp  conglomerates  and  shale 
Kushequa  shale 

(Marvin  Creek  limestone) 

Disconformity 

Two  points  upon  which  there  is  general  agreement  today  are  (1) 
there  is  a great  unconformity  at  the  base  of  the  Clean  representing 
a large  part  of  Mississippian  time;  and  (2)  the  Corry  sandstone  of 
northwestern  Pennsylvania  and  the  Berea  sandstone  of  northeastern 
Ohio  are  correlates.  Furthermore,  there  seems  little  doubt  that  Butts 
was  basically  correct  in  believing  that  the  Burgoon  or  upper  Pocono 
is  cut  out  by  the  Pennsylvania-Mississippian  unconformity  in  the 
northwest,  leaving  no  equivalent  of  the  upper  (and  perhaps  middle) 
Pocono  and  the  entire  Mauch  Chunk  formations  of  the  anthracite 
fields  of  northeastern  Pennsylvania.  That  the  Corry  or  Berea  and 
the  Knapp  conglomerates  are  to  be  correlated  with  some  parts  of  the 
Pocono  is  a reasonably  established  fact.  My  owm  observations  on  the 
Knapp  and  attenuated  Pocono  northwest  from  the  Allegheny  Front 
convince  me  that  the  Knapp  is  the  thin  remnant  of  the  massive  lower 
Pocono,  and  that  the  Corry  must,  if  indeed  it  is  truly  distinct  from 
the  Knapp,  come  in  a little  higher,  but  should  equal  part  of  the  same 
lower  Pocono  member.  In  this  I agree  with  Butts  in  correlating  the 
Berea  with  the  lower  part  of  the  Pocono. 

In  describing  the  continental  Devonian  the  evidence  of  a discon- 
formity at  the  base  of  the  Pocono  will  presently  be  demonstrated. 
This  evidence  is  drawn  from  analogy  and  correlation  with  the  situa- 
tion as  recognized  in  northeastern  Pennsylvania,  and  that  this  dis- 
conformity becomes  more  pronounced  westward.  In  the  northeast  this 
is  between  beds  wholly  of  continental  origin,  the  gray  Pocono  and  the 
red  Catskill  (Mt.  Pleasant  red  shale).  The  continental  succession 
adjacent  to  the  contact  is: 

AIISSISSIPPIAN  Pocono  formation 

Griswold  Gap  conglomerate  locally  at  base 

DEVONIAN  Alt.  Pleasant  red  shale 

Elk  Alountain  gray  sandstone 

The  Griswold  Gap  is  probably  local  and  confined  to  the  east.  The 
Mount  Pleasant  red  shale  pinches  out  westward,  bringing  the  Pocono 
and  Elk  Mountain  into  contact.  The  Elk  Mountain  apparently  be- 
comes the  Oswayo,  and  the  basal  Pocono  seems  to  pass  over  into 
Knapp,  Berea  and  Corry.  Such  is  my  interpretation.  It  will  be 
further  discussed  in  the  next  chapter  on  the  continental  Upper 
Devonian  formations. 

Caster*  has  shown  that  just  below  his  Knapp  “formational 
suite”,  as  he  calls  the  Knapp  conglomerates  and  associated  shale, 
comes  the  “Kushequa  shale”  with  the  “Marvin  Creek  limestone  zone” 

• Detailed  stratigraphic  work  in  northwest  Pennsylvania  in  connection  with  oil  and 
gas  studies  now  in  progress  has  already  raised  some  questions  regarding  Caster's  conclu- 
sions, and  when  completed  may  lead  to  some  modifications  ot  his  section.  See  Pettke, 
Bradford  Oil  Field  : Topo.  & Geol.  Survey  of  Pa.,  vol.  M 21,  1938,  pp.  30  and  33. 
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in  its  base.  These  beds  rest  in  disconformity  upon  the  Conewanfro 
group,  the  highest  number  of  which  is  the  Oswayo.  Adapting  from 
him  (33)  the  succession  runs; 

MISSISSIPPI  AN 

Oil  Lake  group  ("series”  of  Caster) 


Knapp  “formational  suite” 

Kushequa  shale  member 

(Marvin  Creek  limestone  zone) 

Disconformity 

DEVONIAN 

Conewango  group 
Oswayo  shale 

S'nee  the  Oswayo  equals  the  Elk  Mountain,  according  to  my 
findings,  and  the  Knapp  probably  equals  the  lowest  Pocono,  and  the 
Cl. err j-  Ridge  of  northeastern  Pennsylvania  is  neither  itself  present 
nor  represented  by  any  marine  correlate  brrt  pinches  out  westward 
from  its  type  locality  in  Majuie  County,  I agree  with  Caster  that 
there  is  ph.ysic-al  evidence  for  a break  at  this  iroint,  the  top  of  the 
0 wayo.  This  concept  Caster  has  supported  by  careful  comparisons 
of  the  faunas  above  and  below  the  contact.  Of  it  he  says  (33;  p.  102)  : 
Faunally  the  Oswayo  belongs  with  the  Devonian,  as  is  elsewhere  ex- 
plained in  til's  paper.  A minor  disconformity  occurs  at  the  top  of  the 
Oswayo,  and  above  this  sedimentary  accumulation  was  renewed  under  much 
the  same  tj'pe  of  conditions  as  had  existed  during  Oswayo  deposition. 
However,  a Mississippian  fauna  is  preserved  in  the  Oil  Lake  strata  on  the 
younger  side  of  the  disconformity.  M.ssissippian  fossils  are  absent  in  the 
Oswayo  member. 

Tabulating,  we  have 

NORTHWESTEKN  PENNSYLVANIA  NORTHEASTERN  PENNSYLVANIA 
M ss.ssippian  M ssissippian 

Knapp  conglomerate,  etc Lower  Pocono  formation 

Disconformity  Disconformity 

Devonian  Devonian 

Mt.  Pleasant  red  shale 

Oswayo  shale  Elk  Mountain  sandstone 

Doubtless  there  are  other  “breaks”.  A more  spectacular  one  as 
far  as  physical  evidence  goes,  separates  the  Oswayo  from  the  Cat- 
taiaugus  near  Bradford,  Pennsylvania,  but  it  is  clearly  local,  and 
faunal  evidence  does  not  support  the  supposition  that  this  may 
be  of  inter-systemic  value.  More  will  be  said  of  the  Devonian- 
Mississippian  relations  and  the  line  of  separation  of  these  systems  in 
the  next  chapter.  For  the  present,  after  sifting  the  evidence,  my  per- 
sonal feeling  is  that  the  Knapp  may  be  looked  upon  as  approximating 
t e base  of  the  Mississippian  in  northwestern  Pennsylvania  according 
to  recognized  usage  of  the  term  Mississippian  System. 

Because  the  problems  embracing  the  Devonian-Mississippian  boun- 
dary, the  marine  sequence,  and  the  correlation  of  the  higher  Devonian 
in  Pennsylvania  are  so  closely  related  to  the  Catskill  continental 
facies,  furth'^r  discussion  of  these  will  be  found  in  the  following  pages, 
Chapter  VIIL  This  is  particularity  true  of  the  Devonian-Mississippian 
contact  and  of  eorrelalions  between  the  various  subdivisions  of  tlie 
Chautauquan  and  the  corresponding,  continental  units  of  the  Catskill 
insofar  as  these  are  recognized  in  Pennsylvania. 


CHAPTER  VIII 


CATSKILL  CONTINENTAL  FACIES 

What  Is  the  Catskill  in  Pennsylvania? 

Even  before  the  recognition  and  naming  of  tl.e  Devonian  system 
by  Sedgwick  and  Murchison  in  England  a century  ago,  the  name 
Old  Red  Sandstone  had  taken  its  place  in  geologic  literature.  Used 
in  contradistinction  to  the  New  Red  Sandstone  of  Permo-Triassic  age, 
it  was  applied  to  widespread  deposits  of  red  sandstones  and  shales 
which  occi.r  between  the  Silurian  and  the  sub-Carboniferous  in  the 
British  Isles.  Its  equivalence  to  the  marine  Devonian  of  southwestern 
E.igland  was  established  by  Sedgwick  and  Murchison.  The  lithic 
term.  Old  Red  Sandstone,  found  early  application  in  North  America. 
It  was  used  bj^  Maclure  in  the  eastern  United  States,  including  Penn- 
sylvania. Doubtless,  his  usage  was  inaccurate,  tor  it  is  improbable 
that  he  dislingulshed  between  our  several  red  units  now  assigned 
respectively  to  the  Ordovician,  Silurian,  Devonian,  Mississippian  and 
Triassic  systems.  Nevertheless,  this  appears  to  be  the  first  application 
to  the  geology  of  Pennsylvania  of  a name  now  universally  recognized 
as  referring  to  a part  of  the  Devonian  system  (141,  145). 

Rogers  recognized  in  these  red  rocks  part  of  the  ninth  division  as 
used  in  his  Annual  Report  for  1836  (171),  and  in  1838  (172),  in  the 
Second  Annual  Report  designated  them  as  “Number  IX,”  6000  feet 
of  “Red  stales  and  argillaceous  red  sandstones,  aUo  brown,  gray, 
greenish  and  biff  coloured  sandstones”.  Ee  noted  that  they  “are 
remarkable  for  a deficiency  of  fossil  shells  and  other  marine  animal 
remains”.  The  first  State  Geologist  for  the  Commonwealth  traced 
their  distribution  and  in  some  respects  showed  the  clearest  perception 
of  the  region  of  outcrop  of  these  red  beds  that  has  appeared  for 
near  y a century.  As  usual,  Rogers  professed  an  aversion  to  “imported 
names”.  Instead  of  using  Old  Red  Sandstone  or  adopting  the  newly 
applied  New  York  name  Catskill,  he  coined  his  own,  “Ponent  Series”, 
which  became  official  in  “The  Geology  of  Pennsyivania,  1858”  (177). 
The  Ponent  was  synonymous  with  Formation  IX ; Ponent  is  forgotten 
now,  but  Formation  IX  has  survived  even  to  our  present  day  and 
generation. 

The  Second  Geological  Survey  of  PennsylvanA  generally  retained 
Rogers’s  use  of  roman  numerals  for  large  divisions  of  the  Paleozoic, 
but  adopted  also  the  New  York  name  Catskill  for  the  Devonian  red 
beds.  It  is  not  my  purpose  to  enter  into  a discussion  of  the  origin 
and  use  of  the  name  Catskill  in  New  York.  Its  long  and  intricate 
history  has  been  presented  recently  by  Chadwick  (48,  54)  through 
the  medium  of  the  New  York  State  Museum.  Presuming  his  data  to 
be  correct  for  New  York,  I am  disinclined  to  comment  further,  except 
to  remark  tl  at  when  mention  is  made  by  him  of  the  use  of  Catskill 
in  Pennsylvan'a,  it  is  regrettable  that  so  much  that  is  inaccurate  or 
misleading  should  have  been  allowed  to  appear  under  the  stamp  of 
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approval  of  an  official  publication.  In  the  pages  to  follow,  I shall 
give  as  accurate  an  account  of  the  Catskill  in  Pennsylvania  as  our 
present  knowledge  permits.  Errors  there  must  be,  and  the  next  gen- 
eration of  geologists  may  completely  revise  my  theories  and  explana- 
tions. Nevertheless,  this  I may  truly  say,  that  what  is  here  stated 
is  drawn,  not  from  admittedly  inaccurate  and  inadequate,  out-of-date 
publications  supported  by  a mere,  cursory  glance  at  the  field,  but 
it  is  primarily  based  upon  my  own  field  observations  extending  over 
several  years  and  is  supplemented  by  the  recent  work  of  other  stu- 
dents in  this  area.  What  errors  there  are  cannot,  therefore,  be 
attributed  to  mistakes  of  a past  generation  of  geologists,  but  to  mis- 
understandings by  the  present-day  workers. 

Meaning  of  Catskill.  As  used  in  this  paper,  the  name  Catskill 
must  suffer  some  modification  from  its  earlier  uses  in  New  York,  nor 
is  it  necessarily  in  precise  agreement  with  the  accepted  definition  of 
the  term  today  at  Albany.  The  Catskill  is  a facies  term,  and  facies 
variations  may  render  a precise  and  delimiting  definition  of  it  in  one 
locality  inapplicable  in  another.  It  is  truly  a magnafacies,  using 
Caster’s  pertinent  terminology.  As  such  it  may  be  defined  broadly 
as  the  continental  magnafacies  of  the  Devonian.  It  is  divisible  in 
Pennsylvania  into  several  clearly  separable  and  distinct  units.  These 
are  all  well-exposed  and  typically  developed.  Their  relative  ages  are 
fixed  through  the  fact  that  in  practically  all  eases  they  are  traceable 
into  fossiliferous  marine  beds.  Many  of  these  divisions,  known  and 
named  by  I.  C.  White  (226,  228,  229),  are  of  long  standing  and  have 
a well-established  place  in  the  literature.  Because  of  their  distinct- 
ness, mapability  and  the  accuracy  with  which  their  ages  may  be  ascer- 
tained and  their  correlations  established,  they  take  precedence  over 
any  other  system  of  Catskill  terminology  previously  misapplied  to 
Pennsylvania.  In  this  I refer  specifically  to  that  of  Chadwick,  which 
I at  one  time  attempted  to  use  here  (236,  237).  No  doubt  some  of  his 
divisions  are  valid ; some  may  even  be  close  correlates  with  mine 
in  Pennsylvania.  Certainly,  those  drawn  from  the  section  in  the 
Catskill  Mountains  have  no  place  in  the  nomenclature  in  Pennsyl- 
vania’s continental  Devonian  sequence. 

Before  proceeding,  it  is  necessary  to  introduce  one  qualifying 
statement  regarding  my  application  of  Catskill.  I have  in  so  far  pre- 
sumed to  trespass  as  to  include  in  my  studies  the  important  but 
neglected  area  of  the  Green  Pond  Mountain  syncline  of  north-central 
New  Jersey.  There,  I have  been  able  to  obtain  supplementary  data  on 
older  Catskill  beds  than  are  usually  found  in  Pennsylvania.  As  a 
complement  to  my  work,  these  have  proved  invaluable,  but  as  far  as 
their  effect  upon  the  interpretation  and  understanding  of  the  Catskill 
go,  the  New  Jersey  data  have  served  to  strengthen  my  position  and 
tenets  (236,  257,  250,  245). 

General  character  of  the  Catskill.  The  Catskill  continental  facies 
of  the  Devonian  in  Pennsylvania  and  north-central  New  Jersey  is  at 
first  glance  monotonous.  To  one  superficially  interested,  there  is 
merely  a vast  successiion  of  red  beds.  Actually,  this  mass  of  continental 
strata,  dominated  by  red  sandstone  and  shale,  varies  surprisingly. 
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Congiomerates  are  common,  some  both  lieavy  and  coarse.  Calcareous 
beds  are  known.  There  are  several  thick,  non-red,  gray  or  greenish 
units  of  wide  areal  distribution.  Fossils  are  rare,  to  be  sure,  but 
l^lants  there  are  sometimes  even  in  sufficient  quantity  to  have  pro- 
duced coal  lamiiife.  Animal  remains  are  chiefly  those  of  ostracoderms. 
Invertebrates  are  almost  unknown.  Since  the  Catskill  is  defined  as  a 
continental  facies,  the  'inclusion  of  marine  fossils  would  be  paradoxi- 
cal. Nevertheless,  marine  incursions  are  found,  usually  relatively 
high  in  the  red  beds,  and  here  and  there  red  shale  itself  may  carry 
salt-water  invertebrates.  These  incursions  recur  intermittently,  but 
are  an  invaluable  means  of  dating  the  lower  part  of  the  facies. 


Photograph  hy  George  H.  Ashley 


Figure  69.  Valley  of  Lycoming  Creek,  view  north  from  mouth.  The  Cats- 
kill is  the  surface  rock  in  much  of  the  Allegheny  Plateau  and  is  exposed 
along  such  valleys  as  this  where  deeply  entrenched  streams  transect  the 

nearly  horizontal  strata. 


Distribution,  Thickness  and  Limits 

Distributwn. — Catskill  continental  rocks  are  expo.sed  over  a greater 
area  in  Pennsylvania  than  any  other  major  Devonian  unit,  we  may 
almost  say  of  the  entire  remaining  Devonian.  They  occupy  essentially 
all  of  the  northeast  corner  of  the  State,  forming  the  surface  rocks 
of  all  or  the  greater  parts  of  Tioga,  Bradford,  Susquehanna,  "Wayne, 
Pike,  Monroe,  "Wyoming  and  Sullivan  counties.  They  are  a dominant 
feature  in  Potter,  Lackawanna,  Luzerne  and  Lycoming  counties.  The 
Catskill  extends  in  a broad  band  through  the  folded  Appalachian 
chain  across  Carbon,  Schuylkill,  Lebanon  and  Dauphin  counties  and 
then  weaves  back  and  forth  across  the  Susquehanna  and  Juniata  val- 
leys. The  red  beds  form  the  slope  below  the  scarp  of  the  xVllegheny 
Front  and  extend  south  into  Maryland,  with  lesser  bands  to  the  east, 
particularly  about  the  Broad  Top  coal  field  in  Huntingdon,  Bedford 
and  Fulton  counties. 
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Thickness. — As  may  be  expected  of  a great  body  of  continental  beds 
that  passes  over  laterally  into  marine  beds,  the  thickness  of  the  Cat- 
skill  varies  through  a process  of  progressive  off-lap.  The  feather  edge 
of  the  Catskill  is  encountered  in  traversing  west  from  Potter  into 
McKean  and  Warren  counties.  A like  pinching  out  to  zero  is  observ- 
able in  the  Conemaugh  gorge  in  southeastern  Indiana  County  west  of 
Johnstown,  and  similar  eonditions  have  been  reported  in  Fayette 
County.  From  these  lower  limits  the  thickness  rises  to  a maximum  in 
the  region  between  the  Lehigh  Valley  and  the  Susquehanna.  Clay- 
pole’s  6,500  feet  for  Perry  County’s  Catskill  is  excessive;  4,500  is 
nearer  the  truth ; but  the  assigned  thickness  on  the  Lehigh  as  estab- 
li.shed  by  I.  C-.  AVhite  (228)  and  Arthur  AALiislow  (267)  and  reeheeked 
by  me  mu.st  be  nearly  correct.  There,  from  the  base  of  the  Poeono  to 
the  highest  marine  fauna  is  about  6,200  feet,  but  it  may  even  be  some- 
what smaller,  perliaps  by  500  feet.  From  this  we  observe  that  the 
thickness  of  the  Catskill  in  Pennsylvania  reaches  a maximum  toward 
tlie  southeast  and  thins  away  thence  in  a general  northwesterly  direc- 
tion. This  is  emphasized  by  observing  that  in  northeastern  Pennsyl- 
vania the  maximum  is  only  a little  over  2,500  feet  as  far  as  known.  In 
north-central  New  Jersey  the  red  beds  are  reported  to  reach  a maxi- 
mum of  2,500  feet,  though  it  is  only  fair  to  say  that  the  top  is  no  doubt 
deeply  eroded. 

Limits. — The  limits  of  the  Catskill  vary  as  radically  as  does  its 
thickness.  This  might  be  expected  from  the  nature,  extent  and  other 
characteristics  of  the  facies.  The  top  is  comparatively  easy  to  define, 
but  not  so  apparent  in  the  field.  This  will  be  discussed  further  when 
the  subdivisions  of  the  facies  are  described.  Still,  it  is  pei'tinent  to 
remark  that,  while  the  lower  limit  of  the  Catskill  varies  through  a 
wide  chronological  range,  the  upper  limit  seems  to  be  fairly  synchron- 
ous throughout.  This  of  course  is  to  be  attributed  to  a gradual  off-lap 
of  continental  deposits  which  only  ended,  and  then  rather  abruptly, 
with  change  to  non-red  Poeono  sedimentation.  The  top  is  drawn 
simply  wh^re  the  red  or  green  Catskill  sandstones  and  shales  yield 
place  to  the  gray,  usually  conglomeratic  Poeono.  Much  has  been 
said,  particularly  by  members  of  the  Second  Pennsylvania  Geological 
Survey,  on  the  subject  of  “transition  beds’’  between  the  Catskill  and 
Poeono.  In  a sense  they  were  quite  right ; for  among  the  non-red  units 
of  the  Catskill,  particularly  those  developed  in  the  northeastern 
quadrant  of  the  State,  some  beds  so  closely  resemble  the  Poeono  that 
confusion  has  been  common.  As  such,  they  no  doubt  adumbrate 
Poeono  conditions,  but  each  unit  maj''  be  shown  to  pass  into  marine 
strata  with  Devonian  fo.ssils.  In  areas  where  the  non-red  Catskill  is 
not  so  well  understood,  this  separation  is  difficult,  and  it  must  be 
frankly  admitted  that  the  line  cannot  always  be  sharply  drawn.  AVhile 
it  is  established  upon  stratigraphic  and  paleobotanie  evidence  that  the 
bvdk  of  the  Poeono  from  beyond  the  southern  boundary  of  the  State 
east  at  least  to  Maueh  Chunk  is  of  Mississippian  age,  there  is  still  a 
possibility  of  a doubt  as  to  the  precise  age  of  the  lowest  part  of  what 
many  call  Poeono.  I have  suggested  that  there  is  a confusion  here 
of  true  Poeono  with  the  somewhat  similar  “Oswayo’’  on  the  Allegheny 
Front.  Nevertheless,  for  all  practical  purposes  the  top  of  the  Catskill 
can  usually  be  drawn  with  close  approximation. 
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The  base  of  the  Catskill  is  quite  another  proposition.  I shall  soon 
discuss  its  age  variations  from  east  to  west,  so  that  the  evidence 
for  this  need  not  be  considered  at  present.  Everywhere  the  line  is 
vague,  ragged.  The  continental  beds  inter-tongue  with  the  marine, 
neritic  facies  of  the  Devonian  which  changes  progressively  from  early 
Middle  Devoaiiaii  in  New  Jersey  to  Portage  in  the  upper  Delaware 
Valley,  earliest  Chemung  in  the  Susquehanna  Valley  above  Harris- 
burg, very  late  Chemung  on  the  Allegheny  Front  and  progressively 
later  Chautauquan  from  north-central  to  northwestern  Pennsylvania 
(See  Figure  70). 


THE  CATSKILL  OFF-LAP 

In  my  paper  “ ‘Catskill’  sedimentation  in  Pennsylvania”  published 
in  1933  (236),  I described  the  off -lap  of  the  Catskill  continental  facies 
from  north-central  New  Jersey  to  Fayette  County  in  the  southwestern 


Figure  70.  Idealized  section  showing  Catskill  continental  facies  relations 
east  and  west  across  Pennsylvania. 


corner  of  Pennsylvania.  Subsequently,  I modified  and  amplified  the 
contents  of  this  paper  in  my  description  of  the  Portage  group  (215), 
and  in  remarks  on  the  isolated  exposures  of  Fayette  and  Indiana 
counties  (237).  A particular  phase  of  it  was  presented  in  an  article, 
“Early  Chemung  shore  line  in  Pennsylvania”  (239),  a problem 
which  will  be  reviewed  in  the  next  section  of  this  chapter.  The  condi- 
tions in  the  northeast  and  north-central  parts,  while  closely  allied  to 
the  general  problems  of  the  Catskill,  are  so  important  that  they  too 
will  be  taken  up  separately. 

In  my  earlier  article  (236)  on  the  Devonian  continental  off-lap  I 
employed  the  nomenclature  for  subdivisions  of  the  Catskill  suggested 
by  Chadwick.  Since  then,  with  the  prosecution  of  studies  in  the 
northeast,  these  names  have  been  repudiated.  I shall  review  the  sub- 
ject, commencing  in  north-central  New  Jersey  and  working  westward. 

North-central  New  Jersey. — In  north-central  New  Jersey  in  the 
Green  Pond  Mountain  syneline,  there  is  preserved  a unique  and 
remarkable  band  of  Devonian  isolated  from  all  other  known  expo- 
sures of  the  system.  The  band  extends  into  New  York  State,  but  my 
studies  there  have  been  too  superficial  to  warrant  the  issuance  of 
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declarative  pronouncemeiits.  The  New  Jersey  portion  I visited  on 
three  occasions,  in  all  of  which  several  days  were  spent  in  studying 
it.  The  sequence  tliere,  adapted  from  the  publications  of  the  New 
Jersey  Geological  Survey  (223,  130,  110,  131,  132),  runs: 

G>'ccn  I’oud  Moiuituiii  si/ncliiic,  X.  J. 

t'atskill  continental  facies 
Skunneinunk  congioinerate 
^Marine  Middle  Devonian 
Hamilton  group 

Bellvale  sandstone 
Onondaga  group 
Corn  wall  shale 

Kanouse  sandstone  and  conglomerate 

AVe  are  concerned  with  the  Skunneuiunk  conglomerate,  which  is 
the  local  representative  of  the  Catskill  continental  facies,  and  with 
the  subjacent,  marine  Bellvale  sandstone.  Kiimmel  and  Weller  (130) 
placed  a slightly  different  interpretation  on  this  sandstone.  From  a 
study  of  its  fauna  AVeller  (223;  p.  lOJ)  commented:  “They  are  all 
Hamilton  forms,  with  none  of  the  characteristic  Chemung  species  of 
the  New  York  fauna”.  From  the  fact  that  the  l>ellvale  overlies  con- 
formably beds  which  I believe  are  the  clastic  equivalent  of, the  Onon- 
daga limestone,  from  my  own  collection  from  the  locality,  from 
comparison  with  conditions  observed  in  the  Delaware  Valley  in  Penn- 
sylvania, and  from  analogy  with  the  findings  of  Cooper  in  the  Hud- 
son and  Schoharie  valleys  (79),  I assign  the  Bellvale  sandstone  to 
the  Marcellus.  This  was  all  pointed  out  recently  in  my  paper,  “Ham- 
ilton correlations”  covering  New  York,  New  Jersey,  Pennsylvania  and 
Maryland  (254).  If  the  Bellvale  is  Marcellus  (or  at  youngest  early 
Skancateles)  then  the  conformably  overlying  Skunneuiunk  conglom- 
erate shows  definitely  that  Catskill  sedimentation  began  here  in  late 
Marcellus  or  certain]}^  not  later  than  very  early  Skaneateles  time. 
This  determination  is  extremely  important  in  view  of  what  I shall 
ex])lain  to  be  the  situation  in  eastern  Pennsylvania. 

TJie  Green  Pond  Mountain  region  of  New  Jersey  lies  some  45  miles 
east-northeast  of  Stroudsiburg  and  25  miles  east  of  the  nearest  Devon- 
ian outcrops  in  the  Delaware  AMlley.  It  is  a down-faulted  sjuicline 
of  Devonian  and  Silurian  beds.  Under  the  assumption  that  these 
New  Jersey  strata  were  once  continuous  with  those  of  eastern  and 
northeastern  Pennsylvania,  they  are  a valuable  supplement.  The 
Skunuemunk  is  a red  to  purplish  conglomerate  and  sandstone  succes- 
sion which  was  looked  u]ion  by  Barrell  (12)  as  part  of  an  ancient 
Devonian  gravel  plain  separating  the  highlands  to  the  east  from  a 
region  of  true  delta  fonning  to  the  west.  Barrell  understood  its  rela- 
tions to  the  le.ss  coarse  continental  elastics  of  Pike  and  Monroe  coun- 
ties, Pennsylvania.  The  beds  are  practically  barren,  the  only  remains 
being  a few  plants  from  Orange  County,  New  York,  which  Prosser 
(161)  sui)posed  to  be  post-Hamilton  in  age.  From  such  data  we  may 
say  that  the  very  coarse  Catskill  of  north-central  New  Jersey  began 
to  form  in  late  Marcellus  time  and  continued  into  the  Upper  Devonian. 
The  top  is  clearly  missing.  Kies  (169)  recorded  that  the  base  cuts 
even  lower  near  Cornwall,  New  York,  where  it  reaches  the  Cornwall 
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shale  (“Pequaiiac”  of  early  reports).  This  I have  not  verified.  The 
Skunnemnnk  has  not  been  subdivided  in  New  Jersey.  If,  as  Prosser 
supposed,  it  hardly  reaches  above  the  Portage,  we  shonld  not  expect 
to  find  inncli  in  the  Avay  of  equivalents  of  the  Catskill  divisions  of 
northeastern  Penns5dvania,  for  these  begin  in  relatively  late  Senecan 
time  (Delaware  Kiver  flags  and  Analomink  red  shale). 

Delaware  Valley. — Passing  west  from  New  Jersey  into  Pennsyl- 
vania, one  again  encounters  the  base  of  the  continental  facies  along 
the  west  side  of  the  Delaware  Valley  in  Pike  and  Monroe  counties. 
Sections  are  observable  on  the  Delaware  above  Matamoras,  and  par- 
ticularly valuable  information  was  secured  on  Brodhead  Creek  near 
Analomink.  The  highest  recognized  marine  fauna  in  this  region  is 
Portage  (Ithaca)  in  age  occurring  in  the  Trimmers  Rock  sandstone, 
well  developed  northwest  of  the  Delaware.  It  will  be  recalled  that 
I.  C.  AVhite  (228)  assigned  these  beds  to  the  Chemung,  an  error  erased 
by  Prosser  (161),  whose  correction  I have  verified.  The  Trimmers 
Rock  sandstone  is  generally  succeeded  by  a thin  red  member  which  I 
named  the  Analomink  red  shale  (250).  This  in  turn  is  overlain  by 
the  thick,  greenish  Delaware  River  flags  of  continental  origin  and 
so  assigned  to  the  Catskill,  though  their  lithology  suggests  a con- 
tination  of  Trimmers  Rock  conditions.  They  are  actnally  on  the  border 
line,  for  Prosser  (161)  reported  two  marine  fossils,  “ Spirifcr”  mesa- 
costalis  and  Leda  diver.sa  from  these  Hags  in  Brodhead  Creek  valley. 
Farther  west  they  become  fully  marine,  the  Analomink  goes  out,  and 
the  Delaware  River  flags  and  Trimmers  Rock  sandstone  coalesce.  The 
Delaware  River  flags  are  succeeded  by  a more  nearly  normal  Catskill 
type  of  red  sedimentation  in  a thick  series  interspersed  with  non-red 
members.  From  these  facts,  the  age  of  the  basal  Catskill  (Analomink) 
in  the  Delaware  Valley  is  approximately  middle  Portage  or  a trifle 
younger.  The  Delawai'e  River  flags  appear  to  be  the  counterpart  of 
at  least  the  upper  portion  of  the  Oneonta  formation  of  New  York. 
Oneonta  is  a name  in  good  standing  and  has  been  generally  accepted, 
but  it  is  not  so  useful  here  as  Delaware  River  flags,  the  connotation 
of  which  name  is  apparent. 

Lelngli  Valley. — The  next  important  section  w’est  is  that  on  the 
Lehigh  River  below  Mauch  Chunk.  Data  have  been  drawn  from  both 
sides  of  the  river  and  supplementary  facts  were  taken  in  the  region 
betw'een  the  Lehigh  and  Brodhead  Creek.  I.  C.  AAdiite  (228)  and 
Arthur  AVinslow  (267)  recorded  the  Lehigh  River  section.  Their 
ainiotations  are  in  some  respects  excellent,  but  required  revision  when 
the  Catskill  below  Mauch  Chunk  was  restudied.  There,  the  Delaware 
River  flags  have  mingled  with  the  Trimmers  Rock  sandstone  Avith  no 
Analomink  red  shale  truly  identified  between  them.  Alarine  fossils  in 
the  noAV  thickened  Trimmers  Rock  (indistinguishable  from  the  suc- 
ceeding equivalent  of  the  Delaware  River  flags)  place  its  top  in  the 
upper  Portage.  The  Catskill  next  above  is  dominated  by  red  beds,  but 
still  carries  some  important  non-red  units,  notably  the  Ilonesdale 
sandstone.  At  the  Catskill-Portage  contact  some  transitional  beds 
are  obser\"able,  colored  olive,  red  and  pinkish  or  plum.  These  sug- 
gest the  Chadakoin  of  the  northwest.  In  fact,  as  already  inentioned. 
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“Chadakoin”  conditions  seem  likely  to  intrude  wherever  marine  and 
fresh-water  Devonian  beds  are  transitional.  Such  beds  are  often 
nearly  barren,  but  from  Monroe  County  through  Carbon  and  west- 
ward to  the  (Susquehanna  Valley,  it  is  not  uncommon  to  discover 
bands  of  Tentaculit&s  and  fragments  of  very  small  crinoid  stems  con- 
tinuing above  all  other  forms  of  marine  animal  life  and  suggesting 
that  these  may  have  been  capable  of  withstanding  brackish  water 
conditions  in  an  estuarine  environment ; or  that  they,  being  light  and 
small,  were  swept  by  tide  and  current  into  shallow-v/ater  embayments. 
Evidently,  then,  the  basal  Cat-skill  in  the  Lehigh  Valley  must  be 
drawn  rather  high  in  the  Portage,  considerably  above  where  I placed 
it  in  the  Delaware  Valley. 


Section  along  the  Lehigh  River,  in  Carbon  County,  from  Mauch  Chunk 
to  the  Lehigh  Water  Gap  by  I.  C.  White  (228) 


Focono  Series,  No.  X. 


1. 

2. 

3. 

4. 

5. 

6. 


Conglomerate,  very  massive,  grayish-white  large  pebbles... 

Greenish-gray,  sandy  shales  

Conglomerate,  dark  graj%  with  coaly  streaks,  large  pebbles 

Buffish-gray,  sandy  shales  

Dark  huffish  sandstone  with  some  shales  

Mt.  Pleasant  conglomerate,  base  of  Focono  


50'. 


50' 

50' 

120' 

430' 

50' 


y 750' 


7. 


8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 
21. 
22. 
23. 
34. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 


Cat  skill,  (No.  IX.) 


'red  shale 40'" 

red  sandstone  40' 

i\[t.  Pleasant  red  shale ^ green  shales  60  _ ^qq/ 

red  conglomerate 10' 

red  shale  250' 

red  shale  and  sandstone  100', 

Sandstone  and  shales,  reddish  200' 

/conglomerate  40'1 

Cherry  Ridge  conglomerate .)gveen\s\\  sandstone  110'>  200' 

(conglomerate  50'j 


Concealed  200' 

Gray  pebbly  conglomerate  60' 

Greenish  tlaggy  sandstones  350' 

Grayish  sandstones  with  two  or  three  layers  of  red  175' 

Calcareous  breccia  2' 

Massive,  gray  sandstone,  interstratified  with  a few  thin  red  beds.  120' 

Red  sandy  shales  30' 

Very  massive,  greenish-gray  sandstone  120' 

Red  sandy  shale  60' 

Massive,  greenish-gray  sandstone  beds  with  some  pebbles  . . . 165' 

Calcareous  breccia  8' 

Greenish-gray  sandstone  180' 

Calcareous  breccia  2' 

Greenish-gray  sandstone  60' 

Variegated  (green  and  red)  beds  60' 

Red  sandy  shale  30' 

Calcareous  breccia  2' 

Massive,  reddish-gray  sandstones,  containing  some  quartz  pebbles.  60' 

Red  .shales  a)id  sandstone  120' 

Gray  sandstones  wth  very  little  red  150' 

Eed  and  grayish-green  sandstones  150' 

Montrose  red  shale,  only  a few  thin  streaks  of  gray  in  the 
whole  interval  2000' 
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32.  Delaware  flags,  no  red  beds  whatever  1200' 

33.  A succession  of  gray  sandstones,  interstratified  with  red  shales 

and  sandstones,  the  red  beds  largely  predominating 700' 

34.  Greenish-gray  flaggy  sandstone  in  which  occur  occasional  red 

beds,  the  lowest  of  the  latter  being  120'  above  the  base  of  the 
series,  thickness  about  600' 

Chemung,  (No.  VIII) 

35.  A succession  of  bluish-gray  and  olive  sandstones  with  some  shale, 

sparingly  fossiliferous  1200' 

N.  B.  'The  above  is  quoted  ver  batim  without  change  or  annotation  that  it 
may  be  the  better  compared  with  modernized  interpretation. 

Mauch  Chunk  Section  by  A.  Winslow  (167) 

For.  No.  XII,  Pottsville  conglomerate  (thickness  1000') 

1.  Conglomerate  and  sandstone,  silicious  820'  820' 

2.  Shale,  red  60'  880' 

3.  Conglomerate,  green  with  large  quartz  pebbles  120'  1000' 

For.  No.  XI,  Mauch  Chunk  red  shale  (thickness  2168' ) 

4.  Shales  and  sandstones,  red  1662'  2662' 

5.  Sandstone,  yellow,  friable  83'  2745' 

6.  Shale,  red  28'  2773' 

7.  Sandstone,  chocolate  gray,  hard  28'  2801' 

8.  (Shales?)  mostly  concealed  367'  3168' 

For.  No.  X,  Pocono  gray  sandstone  (thickness  1253') 

9.  Sandstones,  gray,  hard  25'  3193' 

10.  (Sandstones,  gray,  with  conglom.?)  309'  3502' 

11.  Sandstone,  gray,  hard  46'  3548' 

12.  Conglomerate  with  sandstone,  medium,  silicious  60'  3608' 

13.  Shale  and  slate,  dark  20'  3628' 

14.  Sandstone,  grayish,  coarse  26'  3654' 

15.  Slate,  dark  13'  3667' 

16.  Sandstone  with  pebbles,  dark  gray,  silicious  50'  3717' 

17.  Conglomerate,  coarse  silicious  14'  3731' 

18.  Shale  and  sandstone,  grayish  green  28'  3759' 

19.  Ochre,  yellow  5'  3764' 

20.  Shale,  greenish  13'  3777' 

21.  Ochre,  yellow  5'  3782' 

22^  Shales,  olive  green,  ochery  55'  3837' 

23.  Sandstone  with  shale,  and  slate  dark  gray  282'  4119' 

24.  SS.  white,  fine,  hard,  (with  soapstone  layer  at  bottom)  48'  4167' 

25.  Shales,  dark,  greenish  and  variegated  40'  4207' 

26.  Sandstone,  dark,  gray  and  reddish  ; hard  ; (with  few  large, 

very  widely  scattered  pebbles)  214'  4421' 

For.  No.  IX,  Catskill  red  SS.,  &c.  (thickness  7145'). 

27.  Sandstone,  red,  hard,  with  vitreous  quartz  grains  32'  4453' 

28.  Shale,  ochery  9'  4462' 

29.  Sandstone,  grayish  green  27'  4489' 

30.  Shale,  red  18'  4507' 

31.  Sandstone,  shaly,  light  green,  fine  ■ 5'  4512' 

32.  Shale,  red  9'  4521' 

33.  Sandstone,  red,  hard  72'  4593' 

34.  Sandstone,  red,  hard  30'  4624' 

35.  Slates  and  shales,  green  30'  4653' 

36.  Shales  and  sandstone,  red  49'  4702' 

37.  Sandstone,  greenish  gray  19'  4721' 
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38.  Shale,  red  302'  4923' 

39.  Sandstone,  g-reen  10'  4933' 

40.  Sandstone,  red  and  greenish  gray  (with  ])ebbles) 49'  4983' 

41.  Sliale,  red  19'  5001' 

42.  Sandstone.  ehoc()late  gray  (with  (juartz  pelsbles)  44'  5045' 

43.  Sandstone  and  shale,  red  70'  5115' 

44.  Sandstone,  reddish  brown,  hard,  coarse  (with  (piartz 

]3ebbles,  scattered,  and  in  bands)  147'  5262' 

45.  Shale,  greenish  gray  (with  scattered  pebbles)  106'  5368' 

46.  Sandstone,  conglomeratic,  chocolate  red  (with  quartz 

pebbles)  13'  5380' 

47.  Sandstone,  greenish  gray,  hard,  Haggy,  (with  (piartz 

pebbles,  scattered  anil  in  thin  bands)  516'  5896' 

48.  Sandstone,  red  11'  5907' 

49.  Flaggy  sandstone  Like  47  547'  6454' 

50.  Sandstone,  greenish  gray,  tine,  with  shale  536'  6980' 

51.  Sandstone,  red,  slialy  47'  7027' 

52.  Sandstone  and  shale,  greenish  160'  7187' 

53.  Sandstone  and  shale,  reddish  37'  7234' 

54.  Sandstone,  giuqyisli  green  113'  7337' 

55.  Shale,  red  57'  7394' 

5ii.  Sandstone,  greenish  gray,  s'licious  235'  7619' 

57.  Shale,  red  . . '. 19'  7638' 

58.  Sandstone  and  shale,  gi-eenish  Ill'  7749' 

59.  Sandstone  and  shale,  reddish  37'  7786' 

60.  Sandstone  and  shale,  greenish  19'  7805' 

61.  Sandstone  and  shale,  red,  (with  ralrdrroiis  ha  ml)  56'  7861' 

()3.  Sandstone,  greenish  gray  37'  7898' 

63.  Shale,  red  .' 92'  7990' 

64.  Sandstone,  greenish  gray  139'  8129' 

65.  Sandstone  aiid  shale,  red  19'  8148' 

66.  Shale,  green  37'  8185' 

67.  Shale,  red  93'  8277' 

68.  Sandstone,  green  46'  8333' 

69.  Shale,  red  307'  8630'- 

70.  Shales,  red  and  green,  varieg.ited  84'  8714' 

71.  Shales,  red  310'  9024' 

73.  Sandstone  and  sliale,  greenish  gray  20'  9044' 

73.  Shales,  red  105'  9149' 

74.  Shales,  green  15'  9164' 

75.  Shales,  red  25'  9189' 

76.  Shales,  green' 20'  9309' 

77.  Shales,  red  60'  9369' 

78.  Shales,  grayish  gre''n  42'  9311' 

79.  Shale,  red  with  thin  green  bands  548'  9859' 

80.  Sandstone,  greenish  gray  110'  9969' 

81.  Sandstones,  red  6'  9975' 

82.  Sandstones,  greenish  gray  15'  9990' 

83.  Sandstone,  red  5'  9995' 

84.  Sandstones,  greenish  gray  1155'  11150' 

85.  Shales,  red  and  green  104'  11254' 

8().  Shales,  red  (stnne  green)  312'  11566' 

Far.  No.  YIll,  (j,  /,  ('licmuiitj  and  Portage  (fJiicJi'n'‘,s.'i  12t)2'). 

87.  Shales  and  slate,  dark'  and  hard,  flaggy  sandstone...  700'  1226(i' 

88.  Shales,  dark,  fissile,  with  little  sandstone  593'  12858' 

For.  No.  Till,  c,  a onesce  shales. 

89.  Shales,  black,  fissile,  much  brt)ken,  (visible)  290'  13148' 

N.  B.  'Die  above  is  fpiotcd  rcr  hiithn  -without  change  or  annotation  that 
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Stisqtichaiuia  Yitllcy. — From  the  Lehio'li  to  the  Sus(iuehanna  and 
Juniata  valleys,  partieidarly  in  eastern  Perry  County,  is  a jump  of 
some  60  miles.  Data  on  the  Catskill  may  he  obtained  at  several  inter- 
mediate localities,  notable  along  the  Selmylkill  River  and  in  the  val- 
ley of  Swatara  Creek.  These  intermediate  sections  bear  a close  simi- 
larity to  that  on  the  Lehigh  in  that  the  lowe.st  Catskill  comes  in  as 
a transitional  band  above  beds  of  late  Portage  age.  The  age  change 
of  the  basal  Catskill  from  the  Lehigh  nearly  to  the  .Susquehanna  is, 
therefore,  relatively  slight. 

l\Iention  here  may  convenientlj^  be  made  of  the  relations  near  the 
forks  of  the  Susquehanna.  As  determined  by  AVilliams  and  Kindle 
(265)  and  reaffirmed  by  me  (232),  the  basal  Catskill  near  Selinsgrove 
Junction  (Hallowing  Run  section)  and  eastward  in  the  section  near 
Catawissa  is  of  late  Portage  age.  But  farther  east,  on  AVapwallopen 
Creek  in  Luzerne  County,  I found  a trace  of  Chemung  below  the 
red  beds. 

The  Susquehanna-Juniata  valleys  region,  primarily  Perry  County, 
illustrates  a decided  change  in  age  of  the  basal  Catskill  in  a direct 
line  west  from  the  Lehigh.  Here,  on  the  Juniata  above  Amity  Hall, 
the  beds  immediately  beneath  the  lowest  truly  red  Catskill  are  as- 
signed, though  without  absolute  certainty,  to  the  Parkhead.  This, 
it  will  be  recalled,  is  the  division  of  the  Tipper  Devonian  immediately 
preceding  the  Chemung  in  Maryland.  The  beds  are  quite  fossiliferous, 
and  have  a chocolate  color  very  unlike  the  older  subjacent  Trimmers 
Rock  sandstone  and  distinct  from  the  overlying  red  beds.  In  this 
color  they  are  reminiscent  of  the  Chadakoin.  Were  color  the  only 
evidence  I would  call  the  basal  Catskill  in  this  region  the  equal  of 
the  Parkhead  (?)  or  younge.st  Alaryland  Portage,  but  other  data  are 
on  hand.  On  the  Susquehanna  near  Half  Palls  Alonntain  and  across 
the  river  in  DauiDhin  County,  “ Sj)irifer”  disjiinctus  has  been  found 
in  a few  feet  of  gray  to  brownish  beds  between  the  Catskill  and  strata 
of  Portage  age.  The  basal  red  beds  have  risen  to  very  early  Chemung 
age  here  as  in  southeastern  Luzerne  County.  AA^'e  shall  see  presently 
that  recurrent  Chemung  faunides  are  known  from  the  lower  part  of 
the  Catskill  in  the  Juniata  A^alley  in  Perry  County,  but  their  im]>or- 
tance  is  the  light  which  they  throw  upon  the  age  of  this  lower  part 
of  the  Catskill,  rather  than  its  base. 

Allegheny  Front. — ^Comparatively  little  need  be  said  of  the  age  of 
the  basal  Catskill  from  Perry  County  west  or  northwest  to  the  Alle- 
gheny Front.  It  is  nearly  90  miles  to  Altoojia.  In  western  Juniata 
County,  the  red  beds  begin  in  later  Portage  time.  This  apparent 
regression  from  the  Chemung  of  Perry  County  will  be  explained  in 
the  next  section  on  shore  line  development  and  its  irregularities  iu 
Chemung  time.  On  the  Juniata  in  the  vicinity  of  Huntingdon  there 
is  a considerable  thickness  of  Chemung  between  the  Portage  and  Cat- 
skill,  but  the  exact  number  of  feet  has  not  been  ascertained.  A wedge 
of  Chemung  has  been  observed  south  of  the  Broad  Top  field.  Along  tlie 
Allegheny  Front  the  lower  Chatauqnan  has  thickened  greatly  so 
that  the  red  beds  commence  in  quite  late  Chemung  time.  At  Lock 
Haven,  beds  of  AVellsburg  age  are  known  beneath  the  Catskill  facies 
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development.  Near  Altoona,  in  the  rightly  famous  Horse  Shoe  Curve 
section  on  the  Pennsylvania  Railroad,  the  age  of  the  basal  red  beds 
is  also  probably  Wellsburg. 

Soutlnvestern  Peimsylvania. — West  of  Johnstown  the  Conemaugh 
River  gorge  through  Laurel  Hill  anticline  cuts  down  into  marine 
Upper  Devonian  strata.  A nearly  uninterrupted  section  completely 
across  the  arch  lays  bare  the  rocks,  from  the  Coal  Measures  down,  on 
both  limbs  of  the  fold.  On  the  east  flank,  characteristic  Catskill  red 
sandstone  and  shales  underlie  the  Pocono.  On  the  Avest  flank  the 
Poeono  overlies  marine  Devonian  beds  Avithout  intervening  red  strata. 
It  is  probable  that  these  beds  are  A'ery  late  Chemung,  but  there  is 
a chance  that  they  are  younger.  The  fauna  is  meager  'and  poorly 
preserved,  and  at  best  is  only  generally  diagnostic.  This  locality  is 
25  miles  Avest  of  the  Horse  Shoe  Curve  section. 

At  Ohiopyle  in  northeastern  Fayette  County,  marine  Devonian  and 
Catskill  continental  beds  are  exposed  along  the  Youghiogheny  River, 
but  the  feAv  poorly  preserved  fossils  collected  Avere  inadequate  as 
evidence  of  the  precise  age  of  these  beds,  although  they  are  perhaps 
not  younger  than  latest  Chemung.  On  Chestnut  Ridge,  east  of  Uniou- 
toAvn,  h’ayette  County,  and  to  the  north  Avhere  the  Youghiogheny 
RiA^er  transects  this  anticlinal  ridge,  near  the  mouth  of  Indian  Creek, 
the  Poeono  overlies  marine  Upper  Devonian  beds  Avithout  trace  of 
red  material  betAveen.  The  already  mentioned  faunas  are  puzzling. 
The  fossils  on  Chestnut  Ridge  are  pix)bably  of  late  Chemung  age,  but 
may  be  younger.  At  all  events,  there  is  no  Catskill  here,  shoAving  that 
the  transgresssion  of  the  continental  beds  did  not  reach  this  point 
during  the  closing  stages  of  the  Devonian,  unless  they  Avere  subse- 
quently done  aAvay  with  during  the  Devonian-Mississippian  hiatus. 
1 -say  “closing  stages  of  the  Devonian”  because  of  reported  red 
beds  at  some  depth  in  AA^ell  borings  in  Payette  County.  Considering 
the  irregular  nature  of  the  Avestern  limit  of  the  Catskill  and  the 
A'aeillating  conditions  under  Avhieh  it  Avas  laid  doAvn,  temporary 
advances  and  retreats  may  be  .expected. 

Summing  up  the  data  anent  the  age  of  the  base  of  the  Catskill,  we 
observe  that,  except  for  local  fluctuations,  there  was  a continued, 
progressive  transgression  of  the  red  beds  or  a non-marine  off-lap  from 
north-central  Ncav  Jersey  to  Fayette  County.  That  the  actual  out- 
building Avas  in  a nortliAvesterly  direction  is  not  questioned,  but  my 
sections  Avere  taken  in  such  places  that  it  has  necessitated  the  discus- 
sion of  the  off-lap  being  confined  to  a nearly  east-west  line.  I con- 
clude that : 

1.  As  followed  Avestward,  the  base  of  the  Catskill  rises  progres- 
sively. There  are  small  variations,  apparent  local  regressions,  but 
generally  there  is  a progressHe,  and,  on  the  AAdole,  steady  Avestward 
rise  to  the  highest  knoAvn  red  beds  on  the  soutliAvest  at  JohnstOAvn. 

2.  NoAvhere  in  these  sections  does  the  base  of  the  red  beds  definitely 
rise  as  high  as  in  the  north-central  and  northwestern  counties.  This 
is  significant,  in  view  of  the  progressive  northwestAvard  thinning  of 
the  Catskill,  as  it  points  to  an  off'-lap  in  a more  nortliAvesterly  than 
westerly  direction.  The  iiortlnvestAvard  off-lap  may  be  demonstrated. 
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Not  only  is  there  a progressive  'thinning  from  southern  Carbon  to 
’Wyoming  County,  but  tlie  basal  Catskill  is  progressively  younger  in 
that  direction.  T liave  only  to  repeat  that  the  age  of  the  base  of  the 
continental  facies  south  of  the  Anthracite  Fields  on  the  Lehigh  is 
fairly  late  Portage,  and  that  in  Luzerne  County  northwest  of  these 
fields  it  is  early  Chemung.  Tt  is  still  younger  in  our  north-central 
counties.  Tabulating,  east  to  west,  we  have: 


Table  XXIX,  The  Descent  of  the  Red  Beds 


Location 

West — East 

c 

-I- 

c 

Northwest— 

Southeast 

i 

Payette  County 

JolmstOAvn 

Altoona 

Huntingdon 

Perry  County 

>. 

’Sic 

"S 

S'  ^ 

i-  a. 

[ 

' ct  ! 
^ o' 

^ p 

p 

(S'  S 

McKean  County 

Tioga  County 

j Luzerne  County 

Carbon  County 

Post-Chcmung- 

X? 

X 

X 

Chemung 

X 

X 

X 

X 

Parkhead  (?) 

X 

i Upper  Portage 

1 

X 

Middle  Portage 

1 

X X 

X 

Lower  Portage 

j 

Hamilton 

j 

' 

Mareellus 

1 

X 

i 

This  realization  of  the  direction  of  oft'-lap  is  important  because 
of  the  tendency,  particularly  among  New  York  stratigrapliers,  to 
assume  an  east-west  oft'-lap.  This  definitely  is  not  the  truth  in  Penn- 
sylvania. The  western  shore  of  Appalachia,  at  least  in  New  Jersey, 
Pennsylvania  and  Maryland,  trended  northeast-southwest,  not  north- 
south.  It  had  irregularities,  as  we  shall  presently  see,  but  such  was 
its  trend;  and  the  continental  beds  tended  to  build  in  a direction 
generally  at  a rigid  angle  to  the  coast,  that  is,  northwestward.  In  the 
chapter  on  the  Hamilton,  I mentioned  the  occurrence  of  red  beds 
(Knobsville  member)  of  that  age  in  Fulton  County.  These  alone, 
coupled  with  the  conditions  in  New  Jersey,  clearly  indicate  the  trend 
of  the  shore  line.  If  the  hidden  Upper  Devonian  beds  across  western 
Pennsylvania  between  Tioga,  Erie  and  Payette  counties  could  be 
observed,  we  should  doubtless  find  the  basal  Catskill  rising  toAvard 
Erie,  that  is,  on  a line  roughlj'  normal  to  tlie  coast.  It  is  hoped  that, 
some  day,  deep-drilling  will  prove  or  disprove  this  thesis. 
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EARLY  CHEMUNG  SHORE  LINE  IN  PENNSYLVANIA 

It  is  nearly  a quarter  of  a century  since  Joseph  Barrell  (12)  pub- 
lislied  his  classic  account  of  the  Upper  Devonian  delta  of  the  Ajopa- 
lachian  "eosyncline.  In  it  he  dwelt  upon  Catskill  conditions  in  eastei'n 
Pennsylvania.  In  the  twenty-odd  years  since  he  wrote,  new  data  have 
aeeuniulated  whieii  atfect  somewhat  the  correlations  and  change  some 
of  the  less  important  details,  but  at  the  same  time  fortify  the  original 
thesis.  As  a continuation  of  the  basic  facts  of  the  problem  which 
Darrell  presented,  I attempted  a few  years  ago  to  trace  the  early 
Chemung  shore  line  across  Pennsjdvania  (239).  The  results  of  this 
work  were  published  iii  1934,  and  will  'be  here  repeated  with  very 
slight  changes,  since  nothing  particularly  new  has  been  found  to 
modify  these  observations. 

The  progressive  off-lap  of  the  Catskill  continental  facies  during 
latter  Devonian  times  in  Pennsylvania  has  been  set  down  in  the 
preceding  section  of  the  present  chapter.  I have  traced  the  age  of 
tlie  base  of  the  Catskill  from  north-central  New  Jersey  westward  to 
southwestern  Pennsylvania.  AYe  have  seen  how  the  Catskill  facies 
('ommenced  to  form  in  Alarcellus  time  in  the  east  and  continued  until 
Chemung  time  at  least  in  the  southwest.  I shall  presently  indicate 
that  it  transgressed  Chemung  in  the  northwest.  Data  additional  to 
those  already  given  enable  one  to  trace  the  early  Chemung  shore  line 
acro.ss  Pennsylvania  from  New  York  to  Alaryland. 

The  Chemung  group  lends  itself  particularly  well  to  this  problem 
of  shore  line  delineation  because  at  the  time  of  its  earliest  deposition, 
progressive,  non-marine  off-lap  had  reached  well  into  central  Penn- 
sylvania, so  that  the  eastern  limit  of  Cayuta  (lower  Chemung)  sedi- 
mentation completely  traverses  the  State.  Furthermore,  while  older 
groups  of  the  Devonian,  (Hamilton  and  Portage)  pass  beneath  the 
])Ost-Devonian  formatioiis  of  the  Anthracite  Fields  in  eastern  Penn- 
sylvania, and  so  cannot  be  completely  studied  ever>"wliere  in  their 
eastern  regions  of  presei'vation,  the  eastern  limits  of  the  Chemung 
are  exposed  abundantly  to  the  northwest  and  west  of  the  Anthracite 
Fields  and  thence  southward  to  Alaryland.  Except  for  minor  con- 
cealments, the  lower  part  of  the  Chemung  is  nowhere  entirely  hid- 
den, although  it  has  been  eroded  in  some  places.  This  discussion  is 
introduced  here  rather  than  in  the  chapter  embracing  the  Chemung, 
since  it  is  actually  more  closely  tied  in  with  the  behavior  of  the  Cat- 
skill  continental  off-lap  than  witli  the  character  of  the  Chemung 
group  itself. 


Establishment  of  the  Shore  Line 

In  studying  the  Aliddle  and  Upper  Devonian  of  Penn.sylvania,  I 
)uade  a particular  point  to  follow  the  several  salt-water  groups  or 
formations  eastward  and  southeastward  to  that  point  where  their  last 
remnant  has  either  been  eroded  entirely  or  their  identities  lost 
through  shoreward  transition  into  fresh-water,  red  or  green  beds. 
Those  marine  formations  whose  eastern  limits  are  found  beyond  Penn- 
.sylvania’s  eastern  edge,  have  been  studied  in  New  York,  New  Jersey 
and  Alaryland.  The  necessity  of  this  has  been  seen  in  the  case  of  the 
Hamilton.  The  Portage  group  behaves  in  like  manner.  Non-marine 
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sediments  displace  successively  older  beds  of  the  group  from  the 
Susquehanna  Kiver  east  to  the  Delaware  Valley.  In  Fulton  County, 
as  noted  in  the  Hamilton  descriptions,  red  beds  locally  displace  nearly 
the  entire  Hamilton  and  continue  into  the  Portage  and  Chemung. 
Non-marine  Portage  occurs  from  the  Susquehanna  Valley  east,  but 
from  Perry  County  west  there  is  little  continental  Portage.  The 
Chemung  in  turn  passes  over  into  non-marine  beds  in  the  general 
region  of  the  Susquehanna  Valley  and  the  North  Branch  thereof. 
Such  data  as  these  demonstrate  continental  off-lap  from  the  east  and 
southeast  beginning  in  early  Middle  Devonian  time  and  continuing 
progressively  to  Chemung  or  later  at  the  Allegheny  Front. 

Chemung  rocks  form  the  surface  exposures  or  underlie  approxi- 
mately the  entire  western  two-thirds  of  Pennsylvania  and  extend 
eastward  from  the  Allegheny  Front  as  far  as  the  Susquehanna  Valley 
and  thence  into  the  northeastern  corner  of  the  State.  Studies  of  the 
Upper  Devonian  fossils  and  stratigraphy  have  determined  the  eastern 
limit  of  the  Chemung.  The  first  appearance  of  Spirifer”  disjunctus 
everywhere  marks  the  bottom  of  the  Chemung.  All  of  these  “first 
occurrences’’  of  this  bi’achiopod  are  assumed  to  he  essentially  .syn- 
chronous. Foi-  our  purpose  this  no  doubt  is  true,  although  from  an 
ecoLogie  standpoint  it  is  not  so  precise.  Non-marine  off-lap  in  early 
Chemung  time  appears  to  have  been  fairly  rapid.  The  eastern  limit 
of  marine  Chemnng  also  is  determined  by  the  use  of  “ Spirifer”  dis- 
junct us.  Just  as  this  fossil  marks  the  base  of  the  group,  so  it  may 
be  used  to  point  out  the  easternmost  extension  of  the  same  beds, 
especially  where  they  are  the  youngest  marine  Devonian  present. 
Therefore,  wherever  the  lower  and  eastern  limits  of  distribution  of 
“Spirifer”  disjunctus  are  recognized  and  roughly  coincide,  a point 
is  established  marking  the  imsition  of  the  coast  at  that  time.  By 
obtaining  and  connecting  several  such  points  which  represent  the 
easternmost  extension  of  the  marine  beds  in  early  Chemung  time,  the 
trace  of  the  contemporaneous  shore  line  may  be  drawn. 

The  Chemung  shore  line  ero.ssed  Pennsylvania  in  a southAvesterly 
direction  from  Susquehanna  County  not  far  from  Susquehanna  vil- 
lage near  the  northeastern  corner  of  the  State  to  Fulton  County  on 
our  south-central  border.  The  line  is  irregular.  Three  deltas  or  delta 
lobes  are  recognized,  separated  by  two  emibayments.  Upon  crossing 
from  New  York  State  into  Susquehauna  County,  the  shore  line  turns 
immediately  west  to  east-central  Bradford  County  (near  Lerays- 
ville),  where  it  swings  southeast  rather  sharply  into  northwestern 
Wyoming  County,  makes  a small  embayment  north  of  Tunkhanuock 
and  passes  southwestward  into  Sullivan  Comity.  In  this  place  is  one 
of  the  few  completely  concealed  parts  of  the  Chemung,  caused  by  the 
presence  of  overlying  Carboniferous  formations,  bi7t  the  trace  pre- 
sumably doubles  back  southeastward  once  more  in  a broad  loop  ter- 
minating near  Hughesville.  The  basal  Chemung  once  more  appears 
in  southwestern  Luzerne  County  near  the  Susquehanna  River  oppo- 
site Berwick.  This  first  protuberance  of  the  coast  line  in  north- 
eastern Pennsylvania  has  been  named  the  Wyoming  delta  lohc  from 
Wyoming  County  near  its  center.  The  reentrant  near  Berwick  has 
been  named  Luzerne  Bay,  from  Luzerne  County.  These  features  are 
all  depicted  in  Figure  71. 
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Figure  71.  Sketch  map  to  illustrate  hypothetic  position  of  the  early  Chemung  shoreline  in  Pennsylvania. 
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Continuing  down  the  coast,  the  shore  line  next  turns  westward 
along  the  southern  boundary  of  Luzerne  Bay  to  cross  Columbia,  Mon- 
tour and  Northumberland  counties  and  continue  westward,  south- 
westward  and  southward.  The  coast  has  a small  indentation  in  south- 
eastern Union  County,  south  of  Winfield,  but  in  other  respects  is 
reasonably  straight  along  the  northern  edge  of  a large  peninsula, 
referred  to  as  the  Snyder  delta  lobe,  from  Snyder  County  at  its  base. 
The  northwestern  limit  of  this  lobe  could  not  be  as  nicely  delineated 
as  most  other  parts  of  the  shore  line  because  erosion  has  taken  off 
much  of  the  Devonian,  chiefly  the  Upper  Devonian,  in  the  closely 
folded  area  of  central  Pennsylvania.  Nevertheless,  the  trace  has  been 
carried  on  to  accord  with  inferences  from  data  projected  eastward 
from  the  Allegheny  Front  as  a supplement  to  such  occurrences  of  the 
Chemung  as  are  preserved  to  the  east.  The  outline  of  the  Snyder  lobe 
is  so  drawn  as  probably  closely  to  approximate  the  truth.  The  south- 
ern border  of  this  lobe  is  a very  problematic  feature  and  caused  con- 
siderable speculation.  In  southeastern  Huntingdon  County,  the  coast 
was  determined  easily  and  in  central  and  southern  Fulton  County, 
but  no  uppermost  marine  Devonian  occurs  between  the  respective 
areas.  Probably  a narrow  strait  extended  eastward  from  the  region 
of  southeastern  Huntingdon  County,  because  “ Spirifer”  disjunctus 
is  rather  common  in  northeastern  and  eastern  Perry  County  and  the 
extreme  west-central  part  of  Dauphin.  The  fauna  seems  not  to  have 
reached  this  point  via  any  southern  passage,  for  pre-Chemung  con- 
tinental beds  block  the  way  in  southeastern  Perry  County.  The  char- 
acter of  the  eastern  Devonian  in  Maryland  supports  this  inference. 
At  the  same  time  the  Snyder  lobe  prevented  the  entrance  of  Chemung 
invertebrates  from  the  north,  and  continental  conditions  were  already 
dominant  throughout  the  east.  Careful  lithologic  comparison  and 
studies  of  many  sections  in  detail  in  northern  Pulton  and  adjacent 
parts  of  Huntingdon  and  Juniata  counties  have  finally  delimited 
Perry  Bay,  named  from  Perry  County,  along  the  south  side  of  the 
Snyder  lobe. 

The  Fidton  delta  lobe,  which  is  named  from  Pulton  County,  lies 
south  of  Perry  Baj^  and  reaches  into  Maryland.  This  lobe  is  the  least 
sharply  defined  of  all.  If  the  Maryland  portion  were  carefully 
studied,  we  should  be  able  more  clearly  to  draw  its  limits.  Reliance 
had  to  be  placed  upon  published  reports  dealing  with  the  geology 
of  Maryland,  supplemented  by  all-too-brief  trips  south  of  the  Mason- 
Dixon  line. 


Origin  of  the  Shore  Line  Features 

Source  of  delta  sediments. . .The  foregoing  tracing  of  the  irregular, 
early  Chemung  coast  over  an  airline  distance  of  slightly  more  than 
200  miles  shows  three  deltas  separated  by  two  embayments.  When 
the  study  was  begun,  it  appeared  as  if  a single  large  delta  approxi- 
mating in  size  that  of  the  present  Mississippi  River  had  existed,  but 
further  refinement  of  work  showed  it  to  be  broken  up  into  three  which 
I have  po.stulated  to  have  been  laid  down  by  as  many  relatively  short 
rivers,  each  supplying  sediment  to  a respective  delta  lobe.  Several 
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lines  of  evidence  sujpiort  such  a theory.  The  highlands  of  Appalachia 
were  located  by  Barrell  approximately  coincident  with  the  present 
“fall  line”,  a view  with  which  my  observations  on  continental  off-lap 
concur.  The  character  of  the  T'pper  Devonian  marine  beds  in  par- 
licidar  and,  to  a less  extent,  those  of  the  Middle  Devonian  agrees  with 
this  view.  A rapid  aeeumulation  and  deposition  in  rather  strong  cur- 
rents of  large  amounts  of  relatively  coarse  material  is  observed.  The 
shifting  currents  deposited  coarse,  often  cross-bedded  sands  with  occa- 
sional ])ebble  beds  such  as  make  up  the  fresh-water  components  of  the 
Devonian.  The  salt  water  beds  are  similar  in  many  respects  save  for 
colors  and  organic  remains.  Otf-lap  progressed  strongly  throughout 
the  late  Devonian,  and  the  bays  tencled  to  fill  rapidly.  The  narrow 
strait  opening  from  Perry  Bay  toward  the  western  interior  sea  closed 
in  early  Chemung  time,  and  the  eastern  end  of  the  bay  was  there- 
after landlocked  until  it  eventually  filled  in.  This  separation  is 
inferred  from  the  dwarfed  and  specifically  restricted  nature  of  the 
fauna  which  succeeds  the  first  appearance  of  “ Spirifer”  disjunctus 
in  eastern  Perry  County. 

The  three  hypothetical  rivers  which  supplied  the  sediments  to  the 
three  delta  lobes  are  indicated  on  the  map  (Figure  71),  although  to  be 
sure  their  courses  are  largely  conjectural.  In  the  north  is  located  the 
Xnv  Jcrseji  River.  Pising  in  or  near  northern  New  Jersey,  this  stream 
ran  northwestwai’d  aei'oss  northeastern  Pennsylvania  and  built  out 
the  Wyoming  lobe.  Two  subsidiary  lobes  along  the  outer  margin  of 
this  main  lobe  are  attributed  to  distributaries  of  the  New  Jersey 
River.  In  the  south,  the  Maryland  River  is  presumed  to  have  risen 
somewhere  in  nortlieastern  IMarylaud  and  distributed  its  load  north- 
westward into  the  sea.  Bmall  irregularities  of  coast  line  imply  that, 
like  the  New  Jersey  River,  the  (Maryland  River  broke  up  into  dis- 
tributaries across  its  delta.  Between  these  two  streams,  a third,  des- 
ignated the  Penn.syl I'onia  River,  is  thought  to  have  had  its  source  in 
central  New  Jersey,  thence  it  crossed  eastern  Pennsylvania  in  a 
northwesterly  direction,  and  debouched  in  the  area  south  and  west 
of  the  present  forks  of  the  Susquehanna  River  near  Sunbury.  Its 
chief  work  was  the  building  of  the  large,  kidney-shaped  Snyder  lobe. 
With  the  coalescence  of  the  Snyder  and  Fulton  deltas,  Perry  Bay 
was  cut  off  from  the  sea.  Like  conditions  may  eventually  have  ob- 
tained in  the  head  of  Luzerne  Bay,  but  conclusiA^e  data  on  such  are 
unknown  because  so  much  of  the  Devonian  has  been  worn  away  from 
jiarts  of  Northumberland  and  Union  counties.  By  late  Chemung  time 
the  features  recognized  at  the  opening  of  the  Chautauquan  seem 
largely  to  have  disa]')peared  with  the  continued  off-lap  of  the  Catskill 
magnafacies  and  the  progressive  migration  of  the  shore  north- 
westward. 

While  the  general  boundaries  of  the  three  deltas  and  their  inter- 
vening embayments  are  thus  established  with  reasonable  certainty, 
the  component  parts  of  the  deltas  are  not  readily  recognized  in  every 
case,  even  following  a study  of  the  minutia.  of  the  sti-atigraphy.  Gen- 
erally, the  succession  of  sediments  met  in  passing  upward  in  any  one 
section  shows  an  increase  in  coarseness  from  marine  to  fresh-water 
strata.  Simultaneously,  the  strata  lose  their  regular,  marine  bedding. 
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Cro.ss-beclded  strata  gradually  become  more  and  more  common  until, 
with  tbe  disappearance  of  sea-dwelling  animals,  or  even  before  they 
are  totally  lacking,  cross-bedded,  coarse,  often  greenish  sandstones  are 
common  in  many  sections.  These,  in  turn,  alternate  with  red  sand- 
stones and  shales;  and  “Chadakoin”  coloration  may  show  until 
purely  continental  conditions  dominate.  I have  spoken  of  this  transi- 
tion in  several  sections  and  how  marine  remains  may  be  found  in  beds 
which  are  lithologically  intermediate  between  characteristic  marine 
stiata  and  continental  beds.  Above  the  truly  ^alt-water  beds,  the 
sediments  of  the  three  lobes  ditfer  only  slightly.  As  these  parts  of 
tire  lobes  are  doubtless  of  contemporaneous  origin  and  presumably 
derived  from  similar  terranes,  the  resemblance  is  not  surprising.  It 
is  hoped  that  eventually  au  adequate  petrographic  study  of  the  min- 
erals of  the  pebble  beds  of  the  continental  sediments  and  of  their  sand 
grains  may  be  made  with  a view  to  a more  precise  determination  of 
their  sources. 


Deflection  of  the  Lobes 

The  axes  of  the  lobes  have  a curious  twist  toward  the  soutliAvest. 
Such  turning  suggests  a long-shore  current  flowing  in  the  direction 
of  deflection.  The  supposition  is  that  Pennsylvania’s  part  of  the 
Appalachian  coast,  in  early  Chemung  time,  bordered  a large  embay- 
ment  of  the  late  Devonian  epeirie  sea,  which  embayment  reached  into 
western  New  York,  down  into  Pennsylvania  and  beyond.  The  deflec- 
tion of  the  lobes  suggests  a clockwise  rotation  of  the  waters  of  the 
sea  and  expresses  a resultant  between  river  currents  and  oceanic 
circulation. 

Scdinicntary  history.  It  is  unnecessary  to  go  into  minute  discus- 
sion of  each  of  the  three  lobes.  Instead,  I shall  take  irp  the  characters 
of  the  Snyder  lobe,  which  is  the  largest  and  best  understood  of  all 
three.  From  this  area  the  se,a  of  Chemung  times  was  excluded  by 
the  advance  of  continental  sediments  which  had  already  encroached 
during  the  Portage.  Irregularities  of  sedimentation  began  early  in 
the  Devonian  in  the  region  of  its  eastern  half.  I have  elsewhere 
pointed  out  certain  anomalies  of  sedimentation  in  the  region  of  the 
Susquehanna  Valley,  particularly  as  regards  the  Onondaga  and  suc- 
ceeding IMiddle  Devonian  beds.  The  Ori.skany  and  Ilelderberg,  and 
the  Portage  may  be  suspected  of  not  being  entirely  orthodox.  The 
region  appears  to  have  been  unstable,  and  it  is  not  improbable  that 
some  sort  of  barrier  may  have  developed  here  early  in  Devonian 
times  if  not  continning  back  into  the  preceding  period.  The  coarse 
sandstones  in  the  Marcellus  and  later  Hamilton  beds  are  notable  in 
this  respect.  They  may  represent  the  former  position  of  the  Mary- 
land River,  its  predecessor  or  a distributary.  Tbe  .source  of  these 
sand  appeals  to  have  been  toward  the  south.  The  IMiddle  Devonian 
sediments  here  are  nearly  all  marine,  but  in  Portage  time,  among  the 
gray  to  greenish,  more  or  less  cross-bedded,  flaggy  Trimmers  Rock 
sandstone  one  is  led  to  suspect,  that,  while  this  sandstone  is  doubtless 
largely  or  wholly  marine,  some  of  it  may  have  formed  rather  near 
shore.  Such  is  substantiated  by  the  theory  advanced  relative  to  local 
ice  in  Portage  time.  Tire  Trimmers  Rock  too  closely  resembles  the 
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Delaware  River  flags  of  the  east  to  escape  suspicion.  North  and  west 
it  becomes  more  normal  Portage  sediment.  Prom  these  circumstances 
I assume  that  conditions  leading  up  to  the  forming  of  the  Snyder 
lobe  (and  the  other  two  as  w^ell)  began  actually  to  make  their  pres- 
ence felt  long  before  continental  sediments  were  deposited  in  any 
appreciable  amount. 

The  source  of  the  sediments  is  a theme  worthy  of  speculation, 
though  devoid  of  very  substantial  proof.  The  axis  of  the  Snyder  lobe, 
for  example,  tends  slighth"  south  of  east,  curving  southivestward  in  the 
more  remote  part.  The  younger  beds,  presumably,  were  influenced 
more  and  more  by  the  prevailing  marine)  circulation.  If  the  axis  be 
pro.jeeted  southeastward,  it  is  seen  to  pass  through  or  near  the 
southern  border  of  the  Southern  Anthracite  Field.  It  is  pertinent 
here  to  repeat  that  in  this  region,  from  the  Suscpiehanna  to  the  Le- 
high, are  probably  the  thickest  Devonian  sections  in  Pennsylvania. 
The  thickening  being  somewhat  greater  to  the  east  than  west,  the 
condition  is  not  strictly  in  accord  wdth  the  findings  of  the  Second 
Survey.  If  these  facts  of  lithology  and  thickness  be  true,  they  define 
rather  closely  the  direction  from  which  the  material  for  the  Snyder 
lobe  came  and  the  probable  course  of  our  hypothetical  Pennsyl- 
vania River. 

In  conclusion,  I find  that  the  early  Chemung  shore  is  traceable 
from  northeastern  to  south-central  Pennsylvania.  Along  it  are  rec- 
ognized three  delta  lobes  separated  by  Dvio  embayments.  The  lobes 
tend  to  swerve  southw'estwmrd,  a deflection  attributed  to  currents 
skirting  the  shore  of  an  embayment  of  the  epeiric  sea  of  Devonian 
North  America.  The  lobes  are  thought  to  have  been  each  produced 
b,y  a river  from  the  highlands  of  Appalachia  to  the  east.  Delta  con- 
struction began  in  pre-Chemung  time,  if  irregularities  in  sedimenta- 
tion in  Lower  and  Middle  Devonian  formations  may  be  trusted  as  a 
key  to  the  situation.  In  general  these  results  agree  with  Barrell’s 
original  thesis  on  the;  position,  origin  and  extent  of  the  Upper 
Devonian  delta  of  the  Appalachian  geos3meline  in  so  far  as  Penn- 
sylvania is  envolved.  The  present  discussion  is  a development  of 
details  which  were  not  included  in  earlier  studies  of  the  region. 

CONTINENTAL  UPPER  DEVONIAN  OF  NORTHEASTERN 
PENNSYLVANIA 

In  1931  the  Pennsylvania  Topographic  and  Geologic  Survey  pub- 
lished a geologic  map  of  the  State,  which,  while  an  improvement 
over  the  previous  ones  of  1858  and  1893,  unwittingly  embodied  cer- 
tain errors  which  had  been  made  in  the  older  maps.  In  1936  (250) 
I called  attention  to  inaccuracies  affecting  the  Devonian  stratigraphy 
of  northeastern  Pennsjdvania,  and  showed  in  what  way  they  mighi 
be  corrected.  We  are  now'  concerned  principally  with  the  istratigraphy 
of  the  surface  rocte  of  Susquehanna,  Wayne,  Pike,  Monroe  and  parts 
of  Bradford,  Wyoming,  Lackawanna,  Luzerne  and  Carbon  counties 
and  to  a lesser  extent  with  other  counties,  primarily  those  forming 
our  northern  tier  and  those  of  the  Susquehanna- Juniata  valleys  re- 
gion. Additional  facts  are  recorded  for  that  part  of  the  State  lying 
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Figure  72.  Geologic  map  (generalized)  of  northeastern  Pennsylvania  to  indicate  the  distrihiilioii  of  the  \arioii'  unit'  >tliich 

there  comprise  the  Gatskill  facies. 
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north  and  noi’thwest  of  the  Allegheny  Front.  It  has  been  necessary 
to  include  references  to  the  Mississippian,  partly  because  of  its  close 
relations  to  the  Devonian  and  partly  because  there  is  a certain  ten- 
dency to  confiLse,  as  does  the  State  map,  the  Mississippian  and 
Devonian  continental  beds  in  the  northeast.  This  discussion  is  based 
primarily  upon  my  own  field  work.  The  thoroughness  of  this  has  not 
been  uniform,  for  attention  to  the  Catskill  Avas  concentrated  on  the 
northeastern  quadrant  of  the  State.  Numerous  sections  have  been 


Photograph  by  Bradforrl  Willard 


Figure  73.  Example  of  cross-bedded  greenish  sandstone  at  top  of  Cats- 
kill on  the  Allegheny  Front,  Bedford  County.  This  is  the  type  of  strati- 
fication common  in  the  sandy  Oswayo,  Elk  Mountain,  and,  to  a lesser 

degree,  Honesdale. 


studied  and  measured,  but  glacial  drift  is  heavy  in  the  northeast  so 
that  actual  tracing  is  often  out  of  the  question.  Ilowever,  the  sections 
studied  are  so  numerous  and  so  near  together  that  it  is  felt  a close 
approximation  to  the  truth  has  been  attained. 

The  region  to  Avhich  greatest  attention  Avill  now  be  devoted  lies 
in  the  Alleghenj’  Plateau,  and  embraces  also  the  Poeono  Plateau.  The 
Allegheny  Front  also  enters  the  discussion,  as  do  the  anthracite 
basins  and  the  folded  “valleymont”  portion  of  the  Appalachian  Val- 
ley. Throughout,  it  may  be  taken  as  axiomatic  that  the  higher  areas 
are  underlain  by  Mississippian  and  Pennsylvania  formations,  the  lower 
by  Devonian  strata.  The  post-Devonian  beds  usually  occupy  gentle 
synclines,  but  the  Devonian  formations  come  to  the  surface  along  low 
anticlines. 
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Distribution  and  Sequences 

AVe  liave  alreatlj-  seen  that  the  Devonian  oeeuities  a ]ar«-e  part 
of  the  surface  of  Pennsylvania  ami  that  the  continental  facies  is 
dominant.  AVith  the  Mississippian,  the  Devonian  sio'roiiiuls  the  coal 
fields  and  spreads  wide  in  the  intervening-  areas.  The  continental 
Devonian  is  the  prineiiial  surface  rock  of  the  northeastern  quarter  of 
the  State.  On  the  1981  and  all  previous  State  geologic  maps,  a con- 
siderable area  of  the  Missis.sippian  is  shown  in  the  northeast  under 
the  name  of  “Pocono”.  j\ly  studies  reveal  that  this  iso-ealled  “Po- 
vono”  is  chiefly  Devonian  mistakenly  identified.  This  applies  to  most 
of  the  Pocono  Plateau  proper  and  the  northern  part  of  the  Allegheny 
Plateau  likewise.  Mi.ssissip])ian  beds  are  pi'esent,  nevertheless,  as  a 
fringe  about  the  Anthracite  Pdelds,  along  the  Allegheny  Front,  in 
certain  of  the  ridges  in  the  central  part  of  the  State  and  in  the  west- 
ern half  of  Pennsylvania.  The  limits  are  usually  somewhat  more 
restricted  than  would  be  inferred  from  the  State  maps  (Figure  72). 

The  continental  Devonian  strata  exposed  so  widely  in  our  northeast 
continue  thence  about  the  Anthracite  Fields  and  reach  out  in  bands 
into  the  central  ])art  of  the  State  and  along  the  Allegheny  Front 
and  penetrate  the  northern  tier  of  counties.  Isolated  patches  of 
Catskill  are  also  known  southeast  of  the  Front. 

GcncraJized  marine  sequence.  The  sequence  of  Pennsylvania’s 
highest  marine  Devonian  as  typified  in  tlie  northwesfern  sections  and 
has  been  cited  in  Chapfer  A^LT.  For  convenience,  it  is  summarized  as' 
follows : 

Alis.sr.ssirpiAX  SvsTicir  (lowest  part) 

Knapp  conglomerate 
Kushequa  shale* 

Devonian  System  (uxiper  part) 

Conewaiig'o  g’roiq) 

Os\va,\'o  shale  (partfy  non-marine) 

Roys'fone  coqninite 

('attarang'us  i-ed  sliale  (mostly  non-mai'ine) 

1 ’ a n a m a conglomerate 

Conneaiit  group 

Chadakoin  shale  (“stage”  of  Caster) 

(iirard  shale 
Cuba  sandstone 
Canadaway  group 
Chemung-  group 

Sr(jueiiccs  in  northeastern  Peinisylva'.nia.  The  Devoniati  and  Mis- 
sissiitpian  continental  se(piences  in  northeastern  Pennsylvania  down 
to  and  including  the  highest  tnarine  are  given  in  the  followdug  sum- 
mary table  based  upon  the  sucCie.ssions  in  Susquehanna,  AA'ayne  and 
Pike  counties.  In  the  two  columns  are  given  the  order  of  formations 
oil  opposite  sides  of  the  Lackawanna  syncline  (Northern  Anthracite 
Field).  In  each  column  the  sequence  is  carried  down  to  include  the 
higheist  marine  beds  exposed: 

* Fettke  has  taken  issue  with  Caster  on  this  section,  claiming  that  at  Kushequa  the 
"Knapp  congiomerate"  includes  practically  all  of  the  so-called  “Kushequa  shale,’’  and 
that  tlie  bed  here  named  “Flat-iron”  (Roystone)  eoquinite  is  the  same  as  the  Marvin 
Creek  limestone  of  Ashburner  (see  94,  pp.  26-33)  (G.  H.  A.). 
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TABLE  XXX.  COXTIXEXTAL  DEVOXIAX  IX  THE  XONTllEAST 

Susquehanna  County  Wayne  and  Pike  Counties 

*Mississippiax  System  (lower  part) 

Pocouo  formation  Pocono  formation 

Griswolds  Gap  eong'lomerate Griswolds  Gap  conglomerate 


Devoxiax  Systeji 

Catskill  facies 

Mt.  Pleasant  red  shale  

Elk  Mountain  sandstone  

Cherry  Ridge  red  beds  } 

Dyberry  glomerate  j 

llonesdale  sandstone  

Damascus  red  shale  

Chemuxg  group  (in  part) 

Xew  Milford  formation*  'i 
Luthers  Mills  coquinite* 

Lanesboro  member*  L 

Kingsley  red  shale 
Ca^'uta  formation* 

Portage  group*  

(Concealed) 


(upper  part) 

Catskill  facies 

Mt.  Pleasant  red  shale 

Elk  .Mountain  sandstone 

i Cherry  Ridge  red  beds 

' Dyberry  glomerate 

I Pimple  Hill  conglomerate 

llonesdale  sandstone 

Damascus  red  shale 


I'Shohola  formation 
' Paiipack  sandstone 
I Rarryville  member 


Delaware  River  flags 
Analomink  red  shale 
PORTAUE  UROVP 
Trimmers  Rock  sandstone* 


* Units  partly  or  wholly  marine.  Uppermost  New  Milford  beds  are  post-Chemung  : 
in  the  east,  they  are  continental  and  assigned  to  the  Catskill  facies;  in  the  west,  they 
carry  the  marine  Luthers  Mills  coquinite.  Remainder  of  New  Milford  is  probably  Wells- 
burg  in  age  and  is  partly  continental,  partly  marine.  Barryville  member  is  Chemung 
in  age,  but  Paupack  sandstone  is  wholly  or  partly  post-Chemung  and  equal  in  part  or 
all  to  the  New  Milford.  Delaware  River  flags  and  Analomink  red  shale  are  of  Portage 
age,  but  belong  with  the  Catskill  continental  facies. 

Purposely,  a rather  loose  nomenclature  is  here  em])loyed  because 
of  the  probability  that  changes  in  correlations  ami  designations  of 
the  various  units  are  almost  certain  to  arise  Avith  time  and  future 
studies  by  later  investigators  in  the  field.  In  general,  1 have  been  able 
to  dhude  the  Catskill  continental  facies  or  magnafacies  into  several 
parts,  some  of  Avhich  probably  are  truly  “pai'Tafacies”,  to  (jiiote 
Caster’s  term.  All  the  divisions  mentioned  in  the  table  are  separable 
on  lithologic  grounds  and  are  usually  readily  mappable.  The  suc- 
cession is  essentially  that  e<stablished  and  expounded  by  I.  C.  'White 
in  his  reports  for  the  Second  Survey  Avhich  appeared  in  the  1880 ’s 
(226,  etc.).  The  ipiality  of  his  Avork  in  this  respect  deserves  particular 
mention.  Working  under  handicaps  of  inadeipiate  maps,  in  a series 
of  beds  almost  deAmid  of  reeogidzable  fossils.  White  did  excellent 
Avork.  Unfortunately,  Lesley  (in  AVhite,  228)  failed  to  appreciate 
some  of  A'\"hite’s  observations  and  subsequent  deductions;  or,  it  may 
be  that  he  felt  that  his  oavii  Avork  of  forty  years  before  Avas  better 
and  should  seive  as  a basis  for  interpreting  the  northeast.  xVt  any 
rate.  White’s  Avork  Avas  restricted.  AVhite’s  conclusions  must  have 
been  correct,  but  Lesley’s  editorial  dictatorship  altered  the  published 
accounts.  I accept  AVhite’s  interpretations,  Avith  relatively  slight 
emendations,  as  they  appeared  in  volumes  G5,  G6  and  G7.  Some  of 
his  subdiA’isions  are  too  local  to  retain,  eATii  though  A’alid.  Occasion- 
ally he  missed  an  important  unit  or  miscorrelated  it.  A feAV  of  his 
names  are  preoccupied  or  otherAvise  invalid,  and  a feAV  neAV  ones 
have  been  introduced. 
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CONTINENTAL  MISSISSIPPIAN  STRATIGRAPHY 

The  Mississippiaii  system  in  eastern  Pennsylvania  is  generally  suc- 
ceeded throughout  the  Anthracite  Fields  by  the  Pottsville  conglom- 
erate, which  marks  the  beginning  of  the  coal  measures.  The  base  of 
the  Mississippian  system  is  drawn  at  the  lowest  beds  assigned  to  the 
Pocono  formation.  This,  in  the  Anthracite  Fields,  may  be  marked  by 
the  Griswolds  Gap  conglomerate  (I.  C.  White’s  term)  or  its  close 
equivalent.  Farther  west,  the  Knapp  sandstone  and  conglomerates 
are  thought  to  occupy  approximately  this  position,  but  full  verifica- 
tion of  this  hypothesis  remains  to  appear.  In  those  sections  where 
neither  Knapp  nor  Griswolds  Gap  crop  out,  the  base  of  the  system 
must  be  drawn  at  the  bottom  of  the  lower,  massive  member  of  the 
Pocono,  sometimes  referred  to  as  the  “Berea”,  but  to  which  I have 
recently  given  the  name  Second  Mountain  member  (258).  The 
Mississippian-Devonian  contact  is  thought  to  be  disconformable  over 
much  of  the  State  of  Pennsylvania. 

Mauch  Chunk  formation. — The  Mississippian  system  is  divisible 
into  two  “formations,”  the  Mauch  Chunk  and  Pocono.  The  upper  for- 
mation, tlie  Mauch  Chunk,  is  a succession  of  red  sandstones  and 
shales  (11),  langing  in  thickness  from  0 to  1600  feet  or  more;  it 
may  be  nearly  twice  that  thickness  in  the  Snsquehanna  Valley.  North- 
ward and  northwestward  the  Mauch  Chunk  diminishes  from  a re- 
corded maximum  in  Carbon  County  until  at  Pittston  it  is  doubtfully 
contained  in  a few  feet  of  non-red  shale.  Farther  northwest  the  Potts- 
ville is  reported  in  direct  contact  with  the  Pocono.  Apparently,  this 
contact  is  ahvays  a disconformity.  The  formation  is  widely  spread 
throughout  the  Anthracite  Fields  and  along  the  Alleglieny  Front 
and  the  Broad  Top  Field  and  presumably  underlies  a large  part  of 
western  Pennsylvania  where  marine  limestones,  unknown  in  the  east, 
appear  at  its  base.  It  has  not  been  successfully  subdivided  in  the  east 
and  is  everywhere  nearly  devoid  of  organic  remains. 

Pocono  formation. — The  Pocono  formation  consists  mostly  of  mas- 
sive, gray  sandstone  and  conglomerate  beds  which  are  thickest  (at 
least  1500  feet)  and  probably  coarsest  (save  for  the  Griswolds  Gap 
conglomerate)  in  Second  Mountain  from  the  Lehigh  to  the  Susque- 
hanna. The  formation  thins  northwestward  and  northward  and 
simultaneously  becomes  finer-grained.  Like  the  Mauch  Chunk,  the 
Pocono  in  the  east  was  formed  in  fresh-water;  unlike  the  Mauch 
Chunk,  which  is  nearly  barren,  it  carries  a varied  flora  and  some  thin 
coal  beds.  The  Pocono  is  tripartite.  At  the  base  occurs  locally  the 
Griswolds  Gap  conglomerate,  and  the  Knapp  (and  perhaps  an  exten- 
sion of  the  Corry  or  Berea)  may  occupy  much  the  same  position  in 
the  northwest.  Continuous  with  these  or  persisting  where  they  are 
not  distinguished  is  the  massive,  lower  Second  Mountain  member. 
The  very  similar  Cove  Mountain  member  forms  the  upper  third  of 
the  Pocono.  The  middle  third  is  made  up  of  less  massive,  more  flaggy 
to  platy  sandstones  with  fewer  pebble  beds.  To  this  the  name  Peters 
Mountain  member  has  been  given.  This  trifid  character  of  the  Pocono 
is  of  important  correlative  value.  The  top  member  is  said  to  be  more 
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or  less  transitional  into  the  Maueli  Chunk.  Interpretations  given 
below  tend  to  discredit  the  idea  of  a supposed  prominent  Pocono  tran- 
sition downward  into  the  Catskill. 

CONTINENTAL  DEVONIAN  STRATIGRAPHY 
Catskill  facies 

The  Catskill  magnafacies  or  facies  group  includes  some  few  marine 
beds,  but  they  are  a minor  part.  It  is  dominantly  continental,  almost 
entirely  so  in  northeastern  Pennsylvania.  Therefore,  subdividing  is 
done  largely  upon  lithology,  for  diagnostic  organic  remains  are  rare. 
The  Devonian  fresh-water  members  are  said  to  be  distinguished  from 
the  Mississippian  by  the  floras.  David  AVhite  (225)  remarked  that 
the  Devonian  continental  beds  are  characterized  by  the  Archceopteris 
and  the  lower  Mississippian  by  the  Tripliyllopteris  flora.  There  is  con- 
fusion regarding  these  plants.  Archceopteris  may,  as  White  stated,  be 
restricted  to  the  Devonian,  but  the  genus  has  been  reported  from 
higher  beds  up  to  and  including  beds  assigned  to  the  Pottsville  in 
Maryland  and  from  the  Culm  of  Europe.  White  himself  listed  it  from 
beds  believed  now  to  be  of  post-Devonian  age.  On  the  other  hand, 
Darrah  (personal  communication)  is  convinced  that  Archceopteris  is 
never  found  in  the  Pocono  of  Pennsylvania.  It  seems  not  improbable 
that  we  are  dealing  with  several  forms  which  have  not  been  s\if- 
ficiently  studied  to  distinguish  them.  Because  of  this  confusion, 
it  is  difficult  at  present  to  apply  paleobotanic  evidence  to  distin 
guishing  the  Devonian  from  the  Mississippian,  nor  can  we  safely  cite 
early  references  on  this  topic.  Particularly,  in  reading  Lesquereux 
(138),  it  is  impossible,  because  in  many  instances  his  descriptions  of 
localities  are  too  vague  to  tell  whether  he  is  discussing  the  Catskill 
or  the  Mauch  Chunk  red  beds.  Nevertheless,  it  seems  clear  that 
Lesquereux  did  recognize  Archceopteris  in  some  of  our  red  Catskill 
members,  and  that  those  from  which  he  reported  it  are  all  of  post- 
Honesdale  age,  that  is,  the  Cherry  Ridge  and  Mount  Pleasant  red 
shales.  In  this  case  the  plants  reported  should  be  of  late  Canadaway 
or  Conewango  age. 

Though  short  of  fossils,  the  Catskill  is  rich  in  lithologic  units. 
There  is  an  astonishing  recurrence  of  rock  types  in  an  alternation  of 
red  and  non-red  members  wbo,se  repetition  may  be  recognized  in  any 
fairly  complete  section  in  northeastern  Pennsylvania,  but  without 
a nearly  entire  sequence  it  is  often  impossible  to  identify  them.  These 
several  units  can  be  traced  in  nearly  all  instances  into  marine  forma- 
tions, so  that  their  relative  ages  have  been  ascertained.  A marked 
exception  to  this  rule  is  the  highest  division,  the  Mount  Pleasant  red 
shale,  which  pinches  out  westward  beneath  the  succeeding  Mississip- 
pian sandstones  and  conglomerates.  The  areal  distribution  of  these 
units  is  shown  in  the  map.  Figure  72.  Most  of  them  form  bands  con- 
centric to  the  Northern  Anthracite  Field.  Some  pass  over  into  New 
York  and  back,  and  a number  can  be  traced  southward  about  the 
Southern  Anthracite  Field.  The  natural  assumption  of  course  is  that 
most  of  them  pass  under  the  anthracite  basins,  an  assumption  which 
we  shall  see  is  fully  justified,  even  though  there  be  changes  during 
the  subterranean  passage. 
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Mount  Pleasant  red  shale. — The  name  Mount  Pleasant,  introduced 
by  I.  C.  White  (226),  is  retained  in  the  Mount  Pleasant  red  shale. 
It  was  named  for  the  villa, ge  of  Mount  Pleas, ant  in  Wayne  County, 
but  that  town  is  now  called  Pleasant  Mount.  However,  the  name 
remains  appropriate  as  the  township  is  still  Mount  Pleasant  and  con- 
tains the  t.ype  locality.  It  is  the  highest  red  member  of  the  Gatskill. 
White  applied  Mount  Pleasant  to  more  than  one  unit,  including  a 
conglomerate  and  red  shale  under  the  one  name.  It  is  here  restricted 
to  the  shale  and  embraces  the  beds  from  the  base  of  the  Pocono  to 
the  top  of  the  Elk  Mountain  sandstone.  This  includes  in  Wayne 
County  the  highest  red  beds  below  the  Griswolds  Gap  conglomerate, 
which  White  thought  probably  were  Devonian-Mississippian  transi- 
tion strata.  1 believe  they  are  assignable  entirely  to  the  Devonian. 
The  dominance  of  red  in  this  unit  ties  it  in  with  the  Devonian  rather 
than  the  Pocono.  Detailed  studies  point  to  a unity  in  this  formation 
over  a wide  area.  The  included  eonglomerate  recorded  by  White 
seems  local,  red  s“hale  and  sandstone  dominating.  The  Mount  Pleas- 
ant is  well  exposed  along  United  States  Highway  6 about  AYaymart, 
AYayne  County,  and  thence  west  to  the  State  Hosi^ital.  The  total 
thickness  here  is  about  500  feet  in  the  type  region. 

The  Mount  Pleasant  red  shale  thins  northwestward  and  disappears 
in  the  Devonian-Missis'sippiaii  disconfornnty  at  the  base  of  the 
Pocono.  South  of  AYayne  County,  it  has  been  recognized  on  the 
Pocono  Plateau,  but  not  surely  beyond  that  region  for  it  merges  with 
the  C'herry  Ridge  red  member  (g.  n.)  as  the  intervening  Elk  Alountain 
greenish-gray  sandstones  dies  out.  AA^hite  (see  ejuoted  sequence,  page 
267)  thought  he  had  Mount  Pleasant  on  the  Lehigdi  River,  but  his 
No.  6 bed  is  probably  the  GrisAVolds  Gap  conglomerate.  The  500  to 
700  feet  of  red  and  green  beds  below  may  very  well  equal  the  Mount 
Pleasant  of  AYayne  County,  but  are  in  part  also  the  upper  portion 
of  the  Cherry  Ridge.  Nothing  in  the  section  by  AA'hite  fits  the  Elk 
Alountain  sandstone,  nor  have  I observed  any  bed  that  I myself  Avould 
so  correlate.  AA^'inslow’s  record  (see  quoted  sequence,  page  268) 
of  the  section  comports  with  this  belief. 

AVestward  from  AA^ayne  County,  the  Alount  Pleasant  dies  out.  This 
is  a gradual  pinching  out  illustrated  in  the  section.  Figure  74.  As 
the  Alount  Pleasant  goes  out,  the  basal  Alississippian  (Knapp  (?)  or 
its  equal)  rests  directly  upon  the  Elk  Alountain  or  its  correlate,  the 
Oswayo  “shale.”  Because  of  this  situation,  the  Devonian  age  of  the 
Alount  Pleasant  may  be  (|uestioned.  Lithologically,  it  allies  itself 
with  the  Catskill  facies  rather  than  the  Pocono.  Its  separation  from 
the  Pocono  is  drawn  upon  a marked  lithologic  bi-eak  indicative  of  a 
sudden  change  in  sedimentary  conditions,  from  red  to  coarse  gray  or 
whitish  conglomerate.*  No  angular  discordance  at  the  base  of  the 
Pocono  has  been  obserA',ed.  AYhat,  if  any,  the  marine  equivalent  of 
the  Alount  Pleasant  may  or  may  not  have  been  I do  not  know.  Caster 
(33)  recognizes  a Devonian-AIississippian  disconformity  in  the  north- 
western marine  beds.  If  his  highest  marine  Devonian  is  the  Oswayo, 
which  1 correlate  with  the  Elk  Alountain,  and  if  the  Knapp  is  basal 

* I.  C.  White  at  first  (226,228)  doubted  the  correctness  of  calling  the  Mount  Pleasant 
Devonian.  However,  in  (229),  he  assigned  the  Griswold  Gap  conglomerate  to  the  basal 
Pocono,  a designation  which  I follow. 
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Poeono,  there  is  an  hiatus  here  with  no  marine  beds  of  Devonian  ag'e 
equal  to  the  Mount  Pleasant.  Evidently,  if  these  deductions  and 
correlations  he  correct,  the  disconformity  which  Caster  recognizes 
between  the  Devonian  and  the  Mississippian  corresponds  precisely 
with  that  which  I recognize  between  the  Oswayo  (or  Elk  Mountain) 
and  Poeono  and  into  which  the  red  Mount  Pleasant  wedges  from  the 
east.  'When  my  studies  began  I had  no  notion  of  these  correlations, 
nor  did  I tie  in  the  dying  ont  of  the  Mount  Pleasant  with  the  dis- 
conformity  recorded  by  Caster  until  some  time  after  I realized  that 
there  is  a disconformity  at  the  base  of  the  Poeono  in  the  same  strati- 
graphic position. 

Elli  Mounfam  smidstO'UC. — The  Elk  Mountain  sandstone  consists 
of  green  to  grayish-green,  flaggy  sandstone,  extraordinarily  cross- 
bedded,  with  some  few  shale  interbeds.  This  cross-bedding  is  its 
most  distinctive  feature  and  is  generally  more  strongly  developed 
and  more  persistent  than  that  observed  in  any  other  of  the  non-red 
Catskill  units,  although  all  these  show  some  tendency  to  be  cross- 
bedded.  I.  C.  White  (226)  proposed  the  name  from  the  Elk  Moun- 
tai!is  in  Susquehanna  County,  around  the  base  of  which  the  forma- 
tion extends.  He  seems  to  have  included  under  the  term  beds  better 
assigned  to  adjacent  red  formations.  I restrict  the  name  to  the  non- 
red,  cross-bedded  flagstones.  Good  exposures  are  common,  but  com- 
plete sections  are  rare.  On  Xhiited  States  Highway  6 near  Prompton 
in  Wayne  County,  the  Elk  Mountain  sandstone  may  be  seen  in  the 
hills  north  of  the  road,  and  there  are  several  showings  in  southeastern 
Susquehanna  County  and  westward.  The  Elk  Mountain  sandstone 
persists  from  "Wayne  County  southward  to  IMonroe  County,  and  then 
dies  ont  and  is  not  known  west  of  the  Poeono  Plateau.  (Figure  72.) 
Its  absence,  as  observed,  prevents  separating  the  Cherry  Ridge  and 
IMount  Pleasant  red  units,  particularly  in  the  Lehigh  '\"alley.  West 
from  "Wayne  County,  it  continues  through  our  northern  tier  of  coun- 
ties to  Potter.  The  Elk  Mountain  sandstone  then  passes  gradually 
into  the  Oswayo  sandy  shale  of  western  Potter  and  McKean  counties. 
Probably  it  runs  .southward  into  Clinton,  where  the  Mount  Pleasant 
is  absent  and  the  Poeono  rests  directly  upon  beds  of  Elk  Mountain 
lithology.  The  foranation  is  remarkably  persistent  if  this  correlation 
be  true.  Its  thickness  changes  are  small,  150  feet  in  Wayne  to  an 
average  of  about  200  feet  westAvard  to  Bradford  County,  Avhere  it 
thins  a trifle.  It  must  be  observed  that  these  statements  are  in 
disagreement  with  the  findings  of  Fuller  and  Alden  (96,  97),  but 
their  “OsAvayo”  and  ‘'upper  Cattaraugus”  come  under  a different 
interpretation  from  mine.  In  Potter  County  additional  changes 
begin.  Cross-bedding  dies  out,  the  color  is  more  oHa'c  or  oliA^e-broAvn 
than  green.  Marine  life  appears  in  a fossiliferons  conglomeratic 
band  at  the  base.  This  condition  groAvs  more  dominant  into  McKean 
County  until  the  characters  of  the  Elk  Mountain  sandstone  are  gone, 
and  those  of  the  OsAvayo  sandy  shale  liaA^e  superseded  them.* 

* In  my  previous  description  of  the  Catskill  facies  (250)  I mistakenly  called  this 
the  Salamanca  conglomerate.  It  is  more  probably  somewhat  near  the  Tuna-Killbuck 
conelomerate  and  may  even  be  a close  equivalent  of  the  Roystone  (“Flatiron”)  coquinite 
farther  west. 
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Cherry  Bidge  red  beds.  I.  C.  White  (226)  also  introduced  the 
name  Cherry  Ridge,  but  his  type  locality  in  Wayne  County  is  un- 
satisfactory as  the  exposure  is  incomplete  and  indifferent.  There 
are  no  good  exposures  of  this  unit.  White  divided  the  Cherry 
Ridge  into  five  members,  to  each  of  which  he  applied  the  name  Cherry 
Ridge  combined  with  an  appropriate  lithologic  term.  Most  of  these 
units  are  local  and  not  worth  mentioning.  Cherry  Ridge  red  beds 
here  designates  a dominantly  red  succession  of  somewhat  varied 
lithology  which  separates  the  Elk  Mountain  from  the  Honesdale 
sandstone.  White  reported  170  feet  for  the  Cherry  Ridge  in  Wayne 
County,  and  said  that  it  thickened  southward,  a statement  I have 
verified.  It  is  at  least  300  to  375  feet  thick  on  the  Pocono  Plateau 
and  between  300  and  400  feet  on  the  Lehigh  River,  although  at  that 
point  the  upper  limit  is  uncertain  because  of  the  lack  of  the  bounding 
Elk  Mountain  sandstone.  Presumably  it  continues  west  to  the 
Juniata  and  Susquehanna  valleys  and  Perry  County.  West  from 
Wayne  County,  the  Cherry  Ridge  attains  a thickness  of  about  600 
feet  in  the  Susquehanna  Valley.  On  into  Wyoming  County  some 
red  beds  of  Honesdale  age  may  be  included,  and  it  is  possibly  1,000 
feet  thick  in  parts  of  Bradford  and  Tioga  counties.  Still  farther 
west  it  slowly  thins  to  become  the  Cattaraugus  red  member  in  western 
Potter  and  McKean  counties.  This  thinning  is  the  result  of  the 
already  described  continental  off-lap  westward  or  northwestward 
with  displacement  of  marine  by  fresh-water  sediments. 

Two  units  of  the  Cherry  Ridge  need  comment.  White  recorded  a 
conglomerate  which  he  distinguished  by  its  red  quartz  pebbles.  This 
is  in  the  upper  part  of  the  Cherry  Ridge  and  is  a persistent  bed 
across  the  Pocono  Plateau,  where  it  forms  small  ridges  and  hills  con- 
centric to  the  eastern  escarpment.  There  is  no  doubt  of  its  being 
part  of  the  Cherry  Ridge  for  it  occurs  too  far  east  of  the  Plateau 
to  be  assigned  to  any  other  formation  of  Catskill  lithology.  I named 
it  (250)  the  Pimple  Hill  conglomerate  for  exposures  in  knobs  of  that 
name  in  Monroe  County.  The  Pimple  Hill  conglomerate  crops  out  on 
the  Lehigh  River,  where,  however,  other  similar  conglomerates  may 
show,  particularly  southeast  from  Maueh  Chunk  in  the  first  ridge 
north  of  Packerton  and  the  corresponding  Bear  Mountain  across  the 
river  to  the  east.  Possibly  more  than  one  similar  conglomerate  is 
present  on  the  Plateau,  but  the  Pimple  Hill  is  thought  to  be  the  most 
persistent.  West  of  the  Lehigh  River  the  Cherry  Ridge  carries  one 
or  more  such  conglomerates,  but  as  they  are  essentially  at  the  same 
zone  and  of  very  like  lithology,  the  name  Pimple  Hill  is  retained 
for  any  such  found.  They  extend  all  the  way  into  the  Susquehanna 
Valley  in  Dauphin  County.  The  Pimple  Hill  has  not  been  discovered 
west  from  AVayne  County  in  our  northern  areas  (Figure  75). 

Among  the  Cherry  Ridge  members.  White  (226)  reported  a “lime- 
stone” in  its  lower  part.  The  use  of  the  term  is  misleading,  but  the 
bed  (or  beds)  may  be  important.  His  excellent  description  runs, 
“It  is  an  agglomeration  of  chips  of  slate  and  shale — ^fish  bone  frag- 
ments— pieces  of  fossilized  wood — and  often  a large  quantity  of  sand 
— all  cemented  together  with  lime.”  Light-gray  if  fresh,  this 
glomerate  weathers  black  and  pitted.  Its  residual  boulders  are  com- 
mon objects  in  the  northeast.  “Pish  beds”  occur  in  other  north- 
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eastern  Catskill  units.  White  described  that  of  the  Cherry  Ridge, 
but  his  words  apply  to  them  all.  Perhaps  there  are  several  in  the 
formation.  The  type  is  that  which  White  denominated  “a  lime- 
stone.” I named  it  (250)  the  Dyberry  glomerate  for  its  appearance 
on  D}'berry  Creek  and  in  Dyberry  Town.ship,  Wayne  County,  where 
fragments  of  the  rock  strew  the  surface.  It  is  probably  in  place  in 
the  headwaters  of  Dyberry  Creek  near  Cold  Spring.  It  is  a fairly 
useful  key  bed,  as  White  knew,  and  I have  found  it  of  limited  value 
as  a guide  to  the  Cherry  Ridge  formation  in  Susquehanna,  Wajuie 
and  parts  of  Bradford  and  Wyoming  counties.  West  of  Bradford, 
the  Dyberry  glomerate  is  lost,  and  it  probably  gives  out  in  northern 
Monroe  County,  for  no  evidence  of  it  was  seen  in  place  in  the  southern 
part  of  the  Pocono  Plateau.  Such  pieces  as  were  found  there  and 
even  farther  north  probably  were  brought  with  the  local  drift. 
Simultaneously  wuth  the  failure  southward  of  the  glomerate  as  a 
marker  for  the  Cherry  Ridge,  the  red  Pimple  Hill  conglomerate  be- 
comes a useful  key  to  this  Catskill  unit. 

South  of  Terrytown,  at  Austinville  and  at  other  places  in  Bradford 
County  in  the  lower  part  of  the  Cherry  Ridge  red  beds  are  manj" 
fish  remains.  These  may  tie  in  with  the  fish-bearing  Dyberry 
glomerate  tow'ard  the  east.  The  fish  in  the  two  regions  where  they 
occur  in  the  Cherry  Ridge  are  in  decidedly  unequal  states  of  preser- 
vation. Those  in  the  east  in  the  glomerate  are  highly  comminuted. 
None  of  them  was  found  in  good  enough  condition  to  permit  specific 
or  even  generic  identifications.  In  Tioga  County  a few  fish  are  found 
in  the  red  beds,  but  the  fish-bearing  portion  has  gone  over  largely 
to  marine  strata.  In  intermediate  Bradford  County,  fish  are  found 
fairly  entire,  permitting  more  accurate  determination  (Figure  76). 

The  remains  in  the  red  beds  are  thus  best  preserved  in  those  occur- 
rences nearest  the  marine  environment ; poorest  farther  inland.  If 
the  fish  primarily  dwTlt  in  fresh  water  and  migrated  or  wmndered  or 
were  washed  to  sea,  such  would  hardly  be  the  observed  conditions  of 
the  fossils.  Such  a theory  I once  supported,  but  was  forced  to 
abandon  it  with  additional  studies  of  the  distribution  of  these  broken 
fish  fragments.  Hence,  I suggested  that  these  early  fish  were 
anadromous.  If  we  assume  that  they  dwelt  chdefly  in  the  sea  or  in 
a brackish  environment  near  shore  where  we  find  them  associated 
with  inarticulate  brachiopods  and  fragments  of  plant  remains,  they 
may  be  supposed  to  have  ascended  the  rivers  to  spawn  and  there  have 
died  in  multitudes.  It  was  suggested  in  the  preceding  section  of 
this  chapter  that  a large  river  may  have  debouched  in  this  region  in 
late  Devonian  time.  If  such  existed  with  its  distributaries  spreading 
across  a wide,  low  delta,  the  situation  should  have  been  ideal  for 
up-stream  migrations.  The  numerous  remains  of  defunct  individuals 
massed  together  in  the  spawning  grounds  might  then  be  rew'orked 
by  currents  and  laid  down  with  mud  chips,  fragments  of  shale,  sand, 
and  what  not  as  the  Dyberry  glomerate  of  the  Cherry  Ridge  shale 
On  the  other  hand,  those  fishes  which  died  in  the  calmer,  salt  or 
brackish  waters  of  estuaries,  off  the  river  mouths  or  beyond,  suffered 
no  such  breaking  up  in  currents,  but  in  relatively  quiet  conditions 
may  be  supposed  to  have  been  buried  more  or  less  entire  and  so  pre- 
served. This  may  further  imply  that  during  the  spawning  season 
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Photograph  hy  Bradford  ^ViUard 

Figure  75.  Pimple  Hill  eonglomcrate  on  Bear  Mountain, 

Carbon  County. 


Figure  76.  Fisli,  glomerate,  Catskill  eontinental  beds,  Sustjuehanna 

County. 
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the  individuals  roamed  in  scliools.  bnt  at  other  times  Avent  abon 
singly,  as  the  better-preserved  fish  are  nsnally  solitary  or  at  best  bnt 
a few  individuals  elnster  together. 

The  Cherry  Ridge,  I remarked,  passes  west  into  the  Cattaraugus 
which  is  assigned  to  the  Conewango  group  in  western  Potter  and 
iMcKean  counties,  where  it  is  soon  to  become  marine.  There  is  no 
sharp  menus  of  separating  laterally  the  Cattaraugus  from  the  Cherry 
Ridge.  This  applies  to  the  red  beds  which  should  lie  above  the  level 
of  the  Panama  conglomerate  were  that  unit  present  eastward.  Bnt 
only  after  most  or  all  the  lower  jiart  has  become  marine  westward, 
does  the  Panama  appear  at  its  base,  setting  off  the  true  Cattaraugus 
in  McKean  and  western  Potter  counties.  Eastward  in  eastern  Potter 
and  Tioga  counties,  the  lower  part  of  the  Cherry  Ridge  is  probably 
ecpial  to  the  Chadakoin  or  to  the  whole  C'onneaut  group.  Apparently 
the  Bloomsburg  of  Timothy  Conrad  (77)  is  our  Cherry  Ridge,  but 
his  description  is  uncertain  and  nearly  useless.  Fuller  and  Alden 
called  “all”  the  red  beds  in  northern  Tioga  County  “Cattaraugus.” 
Obifiously  this  is  wrong,  for  they  thus  embraced  strata  somewhat 
older  than  the  Panama,  which  marks  the  base  of  the  Cattaraugus  to 
the  west.  If  a term  must  be  applied  to  these  red  strata.  Cherry  Ridge 
IS  logical.  Furthermore,  they  are  not  divisible.  Chadwick’s  theory 
(49)  is  not  in  agreement  Avith  this,  but  it  is  obscure  whether  he  took 
account  of  the  equivalent  Cattaraugus  beds  eastward  across  Tioga 
County.  My  correlations  are  based  chiefly  upon  lithologic  changes. 
So,  in  the  marine-to-continental  change  east  from  Potter  County,  a 
dowiiAvard  progres.sion  of  Chadakoin  lithology,  pink-  or  plum  or 
G'hocolate-shaded  beds,  is  observed.  I have  commented  on  such  a 
change  in  central  and  eastern  Pennsyh’ania  in  beds  of  greater 
antiquity.  The  phenomenon  keeps  pace  AAuth  the  base  of  the  eastward- 
descending  Cherry  Ridge  red  beds.  In  Tioga  County  I found  no 
Camarotoechki  duplicuta,  indicat Ae  of  the  Conneaut  group.  Perhaps 
the  red  beds  here  are  really  older  than  they  are  to  the  east  and  Avest. 
In  Avestern  Bradford  County,  the  basal  Cherry  Ridge  may  belong  to 
the  upper  CanadaAvay.  It  seems  to  be  passing  OA'er  into  marine  beds 
AA'ith  Aihyris  angelica  common.  The  red  beds  of  the  basal  Cherry 
Ridge  are  above  the  Luthers  Mills  coquiuite  in  central  Bradford 
County,  and  are  separated  therefrom  by  beds  correlated  Avith  the 
Damascus  and  Ilonesdale  formations  farther  east. 

The  Cattaraugus  in  Avestern  Potter  and  (McKean  counties  and  its 
correlate  in  Tioga  and  Avestern  Bradford  counties,  the  higher  beds  of 
the  Cherry  Ridge,  carry  green  strata  in  the  top.  These  are  barren 
and  lithologically  Amry  like  the  eastern  OsAvayo  and  the  Elk  Mountain 
sandstones.  Indeed,  AA’here  the  coquinite  or  conglomerate  is  missing 
or  the  erosional  break  sometimes  seen  betAveen  the  OsAvayo  and  Cat- 
taraugus (Figure  77)  is  absent  or  concealed,  it  is  neaidy  impossible 
to  separate  the  tAvo.  Furthermore,  about  Coudersport,  particularly 
in  quarries  .just  Avest  of  the  toAvn,  a lieaAW,  green  sandstone  10  to  20 
feet  thick  appears  about  100  feet  beloAv  the  base  of  the  Cattaraugus. 
This  I named  (250)  the  Coudersport  member.  It  persists  into  Potter, 
Tioga  and  probably  McKean  counties  and  perhaps  even  as  far  as 
Cameron,  Clinton,  Lycoming  and  Sidlivan  counties.  A limitedly 
useful  key  bed,  it  must  not  be  confused  with  the  OsAvayo  AA'hich  it 
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closely  resembles,  though  perhaps  generally  it  is  less  cross-bedded 
and  more  massive. 

Thus,  the  Condersport,  eastern  Oswayo  (or  Elk  Mountain),  and 
the  green  beds  in  the  upper  Cattaraugus  are  similar.  Where  the 
I’oeono  and  Knapp  have  been  eroded,  or  at  least  are  absent,  it  may 
be  hard  to  identify  the  Oswayo,  especially  in  an  incomplete  section. 
Also,  in  partly  exposed  sections  or  in  barren  roelvs  where  the  Panama 
or  other  conglomerates  or  distinctive,  key  beds  cannot  be  determined, 
it  is  nearly  hopeless  to  elifferentiate  the  three  greenish  units.  There- 


Figure  77.  Unooiiforinable  eoiilaet  on  the  highway  northeast  from 
Bradford,  McKean  County,  between  the  overlying  Oswayo  (Dkos) 
sandstone  and  the  underlying  Cattaraugus  (Dker)  shale. 


fore,  1 believe  that  the  supposition  that  the  Oswayo  in  Tioga  County 
is  older  than  that  in  McKean  is  not  sustained  by  field  evidence. 
Presumably,  the  Oswayo,  so-called,  in  northern  Potter  and  Tioga 
counties  is  green  Cattarugus,  Condersport,  or,  not  improbably,  a yet 
older  development  of  this  locally  recurrent  facies  which  has  not  been 
identified  as  an  independent  unit.  More  southerly  sections  indicate 
the  true  CattaraugU!S-Oswa.vo.-Knapp  relations.  From  these  lines  of 
evidence,  1 doubt  if  there  be  any  true  Oswayo  (or  Elk  Mountain)  in 
northeastern  Potter  and  northern  Tioga  counties. 

Ilonesdale  sandstone. — The  llonesdale  sandstone  is  another  of 
I.  C.  White’s  units.  lie  named  it  from  good  exposures  at  and  near 
llonesdale,  county  seat  of  Wayne  County,  and  defined  three  divisions. 
At  the  top  he  recognized  a 25-foot  white  sandstone,  in  the  middle  a 
40-foot  red  sandstone,  and  at  the  bottom  a 23-foot  gray  sandstone. 
These  units  are  local  and  of  little  importance,  although  the  middle 
red  member  is  a convenient  means  of  “spotting”  the  formation  in 
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the  immediate  vicinity  of  the  type  locality.  Greenish  and  gray  flags 
dominate  and  much  resemble  the  Elk  Mountain  sandstone  though 
they  are  less  jirominently  cross-bedde*d.  Red  beds  nceur  here  and 
there.  Often  the  gray  sandstone  is  conspicuous  when  -weathered 
nearly  white.  About  the  type  locality,  there  is  close  to  100  feet  of 
the  Ilonesdale.  It  thickens  and  grows  coarser,  pebbly  and  grayer 
southward,  so  that  it  becomes  practically  identical  "with  the  Pocono 
in  appearance.  It  maintains  these  characters  as  a continental  forma- 
tion and  increases  to  500  or  600  feet  of  gently  northwest-dipping  beds 
in  the  eastward  escarpment  of  the  Pocono  Plateau.  It  turns  west 
and  thickens  along  the  south  edge  of  the  Plateau  and  there  rises  in 
steeply-dipping  beds  along  the  south  side  of  Bear  Mountain  and  the 
first  iirominent  ridge  north  of  Packerton  across  the  Lehigh  (see 
Mauch  Chunk  topographic  sheet).  Farther  west,  as  below  Pottsville 
on  the  Schuylkill,  this  ridge  becomes  the  southern  crest  of  double- 
crested  Second  Mountain.  Followed  still  farther  west,  the  sandstone 
gradually  loses  its  ability  to  support  the  ridge,  but  is  still  recognized 
at  the  Susquehanna  River  north  of  Harrisburg.  There,  in  conjunc- 
tion with  the  Pimple  Hill  conglomerate,  it  tends  to  produce  a small 
shoulder  along  the  south  side  of  Second  Mountain  and  the  north  side 
of  Peters  Mountain  (opposite  limbs  of  a great  syncline).  It  flanks 
Cove  Mountain  as  Pine  Ridge  in  Perry  County.  The  Ilonesdale  has 
not  been  certainly  found  in  the  Susquehanna  Valley  north  of  Peters 
Mountain,  and  is  lost  northeastward  along  that  ridge.  In  the  Susque- 
hanna Valley  above  Harrisbui’g,  it  is  usually  a gray  to  greenish-gray, 
heavy  sandstone  occasionally  carrying  carbonized  stems  of  land  plants. 
"West  from  Scranton  and  from  Tunkhannock  down  the  North  Branch 
of  the  Susquehanna  River  to  Pittston,  the  Honesdale  loses  its  charac- 
teristic color,  growing  red  and  merging  with  the  overlying  Cherry 
Ridge  and  perhaps  with  the  older  Damascus  as  massive,  red  sand- 
stones which  produce  small  ridges.  The  great  cliffs  along  the  river 
above  "West  Pittston  probably  are  composed  of  red  Ilonesdale  and 
Cherry  Ridge  red  sandstones,  joined  into  a single  unit.  The  Ilones- 
dale is  well  known  northwest  of  the  Northern  Anthracite  Field  in 
Susquehanna  County  and  beyond.  There,  it  and  the  Elk  Mountain 
as  well,  form  small  terraces  or  ridges  skirting  the  coal  basin. 

In  Susquehanna  and  Bradford  counties,  the  Honesdale  becomes 
marine,  according  to  occasional  fossils  found  in  the  Susquehanna 
Valley  in  this  sandstone,  but  fossils  are  never  common  in  it  east  of 
central  Bradford  County.  There,  near  Franklindale,  the  marine 
equivalent  of  the  Ilonesdale  supplied  the  following  {Cf.  p.  254)  : 


Crinoidea,  columnals 
Stropheodonta  demissa  (Conrad)  ? 
Schuchertella  chemungensis  (Con- 
rad) 

ProducteUa  lachnjinosa  var.  stigma- 
ta Hall 

Camarotoechia  sapplio  Hall 
C.  stevensi  Hall 
C.  contractu  Hall 
C.  sp. 

Cryptonella  eudora  Hall 
‘^Spirifer"  disjunctus  Sower  by 

• Some  of  the  specimens  identified  as  this 
and  Clarke.  These  fossils  are  younger  thar 


“S.”  mesacostalis  Hall* 

Athyris  angelica  Hall 
Grammysia  elliptica  Hall 
Sphenotus  contractus  Hall 
Leptodesma  propinqua  Hall 
L.  orcus  Hall 
L.  becki  Hall 
L.  sociale  Hall 
Schizodus  sp. 

Orthoceras  sp. 

Pisces,  undetermined  spines 

species  may  actually  be  “S.”  williamsi  Hall 
the  Franklindale  limestone. 
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Another,  less  niinierons,  faumile  was  taken  from  these  same  beds, 
bnt  farther  alon;^'  the  highway  west  from  liurlington: 


V\"hen  the  above  lists  are  earefnlly  cheeked  with  those  cited  by 
Chadwick  (51),  it  is  not  hard  to  demonstrate  that  the  faunnles  repre- 
sent early  post-Chemnng  time.  This  is  implied  by  the  presence  of 
Prod HcteUa  lachrifuiosa  var.  sfifpiwta,  Athyris  (nigclica  and  ApJwnotiis 


Fhotof/raph  hy  Bradford  M’iUard 

Figure  78.  Fossiliferoys  “Chemung”  on  Erie  Railroad  near  Tioga, 

Tioga  County. 

contractus.  Nevertheless,  from  the  stratigraphic  position,  the  beds 
cannot  be  far  above  the  top  of  the  Wellsbni'g  formation  (upper 
Chemung).  The  occurrence  here  of  CryptoncUa  cudora  and  “Sijir- 
ifcr”  ni-csa  costal  is  (or  “*S.”  iriUiaiasi),  however,  restrict  the  age  to 
not  latei’  than  Canadaway.  Through  intermediate  stations,  it  is  pos- 
sible to  establish  that  these  beds  are  the  true  correlate  of  the  llones- 
dale  farther  east.  Prom  eastern  llradford  County  on  into  Wyoming, 
chiefly  along  the  Suscpiehanna  Ahilley,  the  llonesdale  sandstojie,  is 
exposed  in  cliffs,  and  tends  to  form  particularly  I'ough  and  craggy 
faces,  easily  recognized  and  conspicuous.  This  character  continues 
west,  even  into  beds  that  carry  marine  fossils,  all  the  way  to  Troy. 

The  fossils  of  the  llonesdale  and  the  Luthers  Mills  coquinite  are 
closely  allied,  bnt  the  former  are  somewhat  younger.  Those  of 
the  llonesdale  occur  near  the  base  of  the  Cherry  Ridge  red  beds  and 


Crinoidea,  cohimiials 
Fciic.'itellu  sp. 
CaiiKirotocrh  in  sapjiho 


? (Hall)  .11/1  (/;■(, s ? 

Plivllocarid,  iindet. 


(’ rji i>t ouvlhi  cudora  Hall 
“»s‘p di.^jinictns  Sowerby 


juvenile 

sp. 
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SO  establish  their  correlation  as  upper  Canadaway.  The  Damascus 
red  shale  is  also  present  east  of  Troy  and  carries  there  a few  marine 
fossils,  but  they  were  so  much  broken  up  that  identifications  were  un- 
satisfactory, except  for  “Spirifer”  disjiinctus  and  Athijris  angelica. 
Fragmentary  fish  plates  also  occur.  A generalized  sequence  for  the 
beds  between  Burlington  and  East  Troy  is : 

Feet 


Cherry  Ridge  red  beds  (“Blossburg”)  700 

Honesdale  sandstone  (marine)  100 

Damascus  red  shale  (partly  marine)  25? 

Concealed  25? 

Luthers  Mills  coquinite  40 


Across  northern  Bradford  County,  no  close  correlation  has  been 
made,  but  the  Honesdale  is  known  north  of  Troy  and  may  be  pro- 
longed into  northern  Tioga  County.  It  is  probably  older  than  the 
Cuba  sandstone,  and  Carnarotoechia  duplicata  was  not  found  in  this 
unit.  These  relations  will  be  farther  discussed  below. 

Damascus  red  shale. — The  Damascus  red  shale  lies  immediately  un- 
derneath the  Honesdale  in  northeastern  Pennsylvania  and  was  recog- 
nized by  I.  C.  White  (226)  who  referred  to  it  as  the  “Montrose”. 
Vanuxem  (217)  had  used  this  name  forty  years  before  Wliite’s  time 
but  in  a different  sense.  Probably,  White  thought  he  was  working  with 
the  equivalent  of  what  Vanuxem  called  “Montrose”,  but  this  was  not 
the  case,  as  has  been  demonstrated  separately  by  both  Chadwick  and 
me.  Neither,  as  White  thought,  are  the  Damascus  and  Honesdale 
equivalent,  although  each  is  correlated  with  a part  of  the  Canadaway 
group.  Palpably  White  erred  in  that  he  confused  the  Honesdale  with 
the  New  Milford  in  central  Susquehanna  County.  This  was  made 
more  pronounced  in  that  he  appears  not  to  have  realized  that  the  base 
of  what  he  called  “Chemung”  rises  westward.  White  chose  ill  the  type 
locality  for  his  “Montrose”,  for  the  formation  is  rather  poorly  ex- 
posed about  Montrose  in  central  Susquehanna  County.  East  and 
northeast  from  Honesdale  the  Damascus  thickens.  It  crops  out  about. 
Beach  (or  Beech)  Lake  along  the  main  highway  north  and  on  the 
Delaware  River  about  the  town  of  Damascus,  for  which  I named  it 
(250).  At  Montrose  the  formation  is  probablj^  hardly  100  feet  thick, 
although  White  reported  180  feet.  It  is  200  feet  in  central  Wayne 
County,  and  grows  to  not  less  than  400,  perhaps  considerably  more, 
at  the  type  locality  on  the  Delaware.  The  Damascus  is  correlated  with 
certain  red  beds  exposed  at  the  foot  of  the  Pocono  escarpment  in 
Monroe  County  and  probably  includes  those  which  are  seen  along 
Lake  Wallenpaupack.  However,  at  the  lake  the  drift  is  heavy,  so 
that  correlation  is  obscured;  and  local  faulting  and  tilting  of  the  beds 
confuse  the  issue.  South  and  west  from  Monroe  County,  the  forma- 
tion continues  to  thicken,  but  its  total  thickness  is  not  closely  estab- 
lishable,  although  it  must  constitute  a large  percentage  of  the  red 
beds  below  the  Pocono  in  the  Lehigh  Valley.  Of  these  there  are  3,000 
feet,  and  they  are  still  considerable  on  the  Susquehanna.  Although 
assigned  principally  to  the  Damascus  in  both  places,  it  is  correct  to 
presume  that  the  Shohola  also  is  represented.  White  (226)  cited  2,000 
feet  of  his  “Montrose”  along  the  Lehigh  E^^’er,  but  he  did  not  dif- 
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fereiitiate  the  Hoiiesdale  and  so  assigned  1,000  feet  of  red  and  non- 
red  interbedded  shales,  etc.,  to  the  Cherry  Ridge.  Ilis  numbers  16-30 
are  now  included  in  the  Ilonesdale.  In  Perry  County,  Claypole  (72) 
gave  a thickness  of  at  least  6,000  feet  to  the  red  Catskill,  but  the 
facies  is  1,000  to  1,500  feet  thinner,  a discrepancy  readily  explained 
through  structures  now  exposed,  but  concealed  in  his  day.  Neverthe- 
less, in  Perry  County,  a Chemung  fanule  has  been  discovered  in  the 
Kings  Mill  sandstone  (71,  72,  250  ci.  ah)  some  500  feet  above  the 
lowest  red  beds,  so  that  the  Damascus,  which  is  post-Cliemung,  must 
be  restricted  to  the  higher  red  beds  at  least.  As  the  Shohola  below 
the  Damascus  is  largely  of  Chemung  age,  it  may  approximately  equal 
the  Kings  Mill  sandstone  and  the  500  feet  of  red  beds  below  it. 

Where  the  Hoiiesdale  cannot  be  clearly  distinguished  west  of  tlie 
southern  half  of  the  Northern  Anthracite  Field,  the  Damascus  for- 
mation merges  completely  with  the  overlying  red  beds  of  the  Cherry 
Ridge  formation.  This  relation  has  been  cited  under  the  description 
of  the  Ilonesdale.  West  of  Wayne  Comity,  where  the  Damascus  and 
Cherry  Ridge  are  divided  one  from  another  by  the  Ilonesdale,  the 
lower  of  the  two  red  units  is  a fairly  constant  entity  about  100  feet 
thick.  It  is  clearly  recognizable  in  the  Susquehanna  River  cliffs  of 
eastern  Bradford  County,  but  on  soulli  into  AVyoming  and  beyond 
where  the  Ilonesdale  (g.  ik)  becomes  i‘ed,  the  distinction  is  less  apiiar- 
ent.  The  Damascus  passes  westwaiil  into  marine  beds  near  the  same 
lattitiide  as  does  the  Ilonesdale  in  central  Bradford  County.  East  of 
Troy  in  the  valley  of  Towanda  Creek,  one  may  view  this  transition. 
The  fossils  collected  in  the  marine  equivalent  of  the  Damascus  are 
essentially  identical  to  those  found  in  the  marine  Ilonesdale  of  this 
locality.  Of  all  the  red  Catskill  units,  the  Damascus  is  the  lowest 
persistent  one.  It  is  intermediate  betwee]i  the  Ilonesdale  sandstone 
and  the  top  of  the  New  Milford  formation  below,  a]id  its  fossils  are 
nearly  related  to  both,  so  that  its  age  is  held  to  be  Canadaway.  Despite 
its  thickening  eastward  to  the  Delaware  River,  it  is  still  probably 
all  of  Canadaway  age  there,  as  will  appear  more  clearly  when  the 
discussion  of  the  Shohola  formatio]i  is  read. 

Shohola  formathon. — In  AVayne  and  Pike  counties,  seen  chiefly  in 
the  Delaware  A^alley,  below  the  Damascus  red  formation  is  a series 
of  continental  beds  which  I recently  named  the  Shohola  formation 
(250)  from  Shohola  on  the  Delaware  below  the  mouth  of  Lackawaxen 
Creek.  This  formation  is  composed  of  two  members.  Above  is  the 
thin  Paupack  and  below  the  tliick  Barryville  member.  AA^hite  knew 
and  named  the  Pau])ack  sandstone  from  a 25-foot  exposure  near  Haw- 
ley on  Panpack  Creek.  These  rocks  appear  again  on  the  creek  below 
the  new  dam  of  AVallenpaupack  Lake  at  Hawley,  and  at  several  places 
in  northeastern  Pennsylvania,  particularly  in  abandoned  stone  (piar- 
ries  near  Tedyuskung  Lake,  and  across  the  Delaware  about  Narrow- 
burg,  New  A^ork.  The  rock  is  massive,  blue-green  sandstone,  gray-  or 
brown-weathering,  with  a litle  shale  of  the  same  tint.  The  type  Pau- 
pack  of  AAdiite  underlies  his  “Alontrose”,  but  he  found  it  to  rest  upon 
200  feet  of  red  and  green  shale  and  sandstone  which  he  said  were  so 
uncliaracteristie  that  he  hesitated  to  propose  a name  for  them.  The 
true  relations  may  be  seen  todaj^  in  near-by  areas.  North  of  the 
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Anthracite  Fields,  the  Daniaseus  rests  upon  the  New  Milford  for- 
mation whose  top  is  early  Canadaway  in  age.  Therefore,  in  central 
AVayne  County,  where  the  Damascus  rests  upon  the  Paupack  sand- 
stone, that  unit  should  equal  the  upper  part  of  the  New  Milford 
formation,  if  indeed  it  does  not  equal  considerably  more  thereof. 

Betwixt  the  Paupack  and  the  Delaware  Kiver  flagstones,  to  he 
described  subsequently,  on  the  Delaware  Kiver  in  Pike  County,  but 
better  shown  in  New  York  across  the  river  in  the  vicinity  of  Barry- 
ville,  the  lower  member  crops  out.  It  is  named  for  Barryville,  New 
York  (250)  and  is  made  up  of  not  less  than  TOO  feet  of  shales  and 


Fhoto<jraph  hy  Bradford  Willard 


Figure  79.  Cliff  of  Barryville  sandstone  near  Barryville,  N.  Y.  Picture 
illustrates  the  characteristic  bedding  and  deej)  pitting. 


sandstone,  gray  to  olive  in  color,  cross-bedded,  and  weathering  in  most 
exposures  to  deeply  pitted  surfaces.  Ked  interbeds  are  known  and 
also  lenses  of  glomerate  and  layers  of  mud  chips  and  fish  fragments. 
This  is  the  member  below  the  Paupack  sandstone  which  was  so  enig- 
matical to  White.  I have  grouped  the  Paupack  and  Barryville  mem- 
bers under  the  formational  heading  Shohola  because  they  fall  na- 
turally together  between  the  red  Damascus  above  and  the  subjacent 
Delaware  River  formation  whose  age  is  unquestionably  middle  to 
late  Portage.  The  Shohola  is  Chemung  save  for  at  lea.st  tlie  upper 
part  of  the  Paupack  which  is  correlated  Canada  way  in  age.  In  its 
entirety  it  represents  all  the  marine  Chemung  of  the  nortlnvest  plus 
an  undeterminable  amount  of  the  lower  Canadaway.  In  the  marine 
beds  of  Susquehanna  and  AVayne  counties,  the  Chemung  fauna  sur- 
vives the  lithologic  change  from  the  shaly  lower  Chemung  or  Cayuta 
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to  the  more  massive,  upper  Chemung  (Wellsburg),  equivalent  in  part 
to  the  New  Milford  formation  as  here  used.  Consequently,  a similar 
change  from  the  relatively  shaly  Barryville  to  the  massive  Paupack 
seems  to  have  correlative  and  chronologic  significance.  The  non- 
marine correlative  of  much  of  the  Chemung,  the  Barryville,  has  the 
lithologic  habit  of  the  still  younger  continental  beds,  in  that  it  con- 
sists of  cross-bedded,  red  and  greenish  strata.  It  has  been  found 
feasible  to  follow  most  of  our  liiglier  Catskill  units  around  the  north- 
ern end  of  the  Lackawanna  basin.  The  Barryville  member  may  be 
differentiated  from  the  Delaware  River  Hags  below  it  in  the  Dela- 


Pliotograph  hy  Bradford  Willard 

Figure  80.  View  north  along  the  Delaware  River  from  Hawks  Nest, 
N.  Y.,  type  region  of  Delaware  River  flags. 

ware  River  valley,  by  the  fact  that  it  carries  red  partings,  a feature 
apparently  absent  from  the  older  beds. 

The  Shohola  formation  has  been  recognized  across  Pike  County  west 
from  the  upper  Delaware  Valley.  The  Paupack  loses  its  identity,  and 
the  Barryville  member  either  thins  or  turns  red  and  is  indistinguish- 
able from  the  overlying  Damascus  red  formation,  or  takes  on  the 
character  of  and  merges  with  the  Delaware  River  flags  so  that  it  is 
not  differentiated  west  of  central  Monroe  County  along  Brodhead 
Creek.  This  remark  is  drawn  from  field  observations,  albeit  the  drift 
is  heavy,  the  beds  produce  no  noticeable  topographic  exijression, 
and  the  characteristic  lithology  of  the  two  Shohola  members  is  not 
found  on  the  Lehigh.  I remarked  that  at  least  the  lower  500  feet  of 
the  Catskill  of  Perry  County  is  of  Chemung  age.  Also  the  base  of 
the  red  beds  is  a close  equivalent  of  the  Portage-Chemung  line. 
Therefore,  at  least  these  lower  500  feet  of  red  beds  may  be  the  equal 
of  the  Shohola  of  our  eastern  region. 
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It  is  curious  that  "White  should  have  drawn  his  Delaware  River 
section  in  such  a manner  that  he  placed  the  Delaware  River  flags 
above  the  New  Milford  group.  Probably,  this  was  because  he  mis- 
took the  marine  Upper  Devonian  of  Pike  County  for  true  Chemung. 
Had  White  not  so  erred,  he  might  have  solved  the  sequence  of  the 
Paupack  and  Barrjwille  members. 

Delaware  River  flags. — White  first  defined  the  Delaware  River  flags 
(228).  I retain  this  appropriate  name  for  1,500  feet  of  beds  along 
the  Delaware  River  north  of  Hawks  Nest,  New  York,  the  type  region. 
White  reported  only  1,000  feet  of  this  unit,  but  this  figure  should  be 
increased  by  probably  50  percent.  Today,  exposures  are  better  and 
limits  are  more  readily  definiable  than  when  I.  C.  White  studied  the 
region.  Prosser  (161)  first  correctly  determined  their  age.  Mis- 
called Chemung  by  I.  C.  White,  Prosser  demonstrated  that  they  are 
of  Portage  age.  This  I myself  have  checked.  With  the  coming  in 
above  of  interbedded  red  bands,  the  Barryville  member  of  the  Sho- 
hola  formation  is  set-off  from  the  Delaware  River  flags.  The  Delaware 
River  sandstone  itself  consists  of  practically  barren,  greenish  flags 
devoid  of  red  beds,  so  far  as  I have  seen.  In  Pike  and  Monroe  coun- 
ties, the  Delaware  River  flags  may  rest  upon  marine  Portage,  the 
Trimmers  Rock  sandstone,  or  be  separated  therefrom  over  part  of 
the  area  by  the  Analomink  red  shale,  but  the  latter  is  rather  local. 
Prosser  recorded  a few  marine  invertebrates  from  the  Delaware  River 
flags  on  Brodhead  Creek,  but  I have  never  been  able  to  rediscover 
his  locality,  though  I do  not  doubt  the  assertion  because  marine  fos- 
sils do  begin  to  appear  in  these  sandstones  in  some  abundance  in 
western  Monroe  County.  This  is  well  illustrated  in  highway  cuts  near 
the  village  of  Effort.  Along  the  Lehigh  River,  1,200  feet  of  Delaware 
River  flags  was  reported  by  White  (228),  but  part  or  all  of  this  is 
marine.  West  from  the  Lehigh,  the  Trimmers  Rock  and  Delaware 
River  sandstones  are  no  longer  distinguishable,  the  latter  becoming 
marine,  and  the  two  having  identical  lithologies  even  before  marine 
fossils  show  up  in  the  higher  formation.  It  seems  unquestionable  that 
the  Delaware  River  flags  in  their  typical  development  equal  in  part 
or  entirely  the  Oneonta  of  New  York. 

Analomink  red  shale. — The  Analomink  red  shale  is  a unit  of  local 
distribution  consisting  at  its  type  locality  of  100  feet  of  red  shale 
and  very  litle  sandstone.  It  was  named  by  me  (250)  for  Analomink 
village  in  Monroe  County  where  the  beds  are  well  exposed  along 
Brodhead  Creek.  It  appears  not  to  pass  beyond  the  confines  of  Pike 
and  Monroe  counties,  for  it  was  doubtfully  remarked  on  the  Dela- 
ware below  Hawks  Nest.  White  (228)  confused  the  Analomink  with 
the  New  Milford  red  shale,  from  which  it  is  separated  by  a great 
thickness  of  beds  representing  much  of  the  Chemung  and  a large  part 
of  the  Portage.  The  Analomink  is  locally  useful  as  a key  bed  separat- 
ing the  Delaware  River  flags  from  the  Trimmers  Rock  sandstone. 

New  Milford  formation. — White  (226)  named  the  New  Milford 
group,  and  I retain  his  term,  using  it,  however,  as  a formation  of  sev- 
eral members,  typically  developed  in  the  region  of  New  Milford. 
Susquehanna  County.  The  local  divisions  have  been  extensively 
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studied  by  D.  S.  Harding  of  Susquehanna  who  for  some  years  has 
cooperated  with  the  Pennsylvania  Topographic  and  Geologic  Survey. 
His  painstaking  studies  deserve  recognition,  and  form  the  basis  for 
most  of  this  discussion  of  tlie  New  Milford  formation.  However,  I 
need  mention  little  of  the  details  of  these  beds.  White  divided  the 


New  Milford  as  follows: 

Feet 

New  ]\Iilford  upper  sandstone  20 

New  Milford  middle  sand  and  shales 300 

New  IMilford  lower  sandstone 20 

Ne-w  Milford  red  shale  100-130 

Starrucca  olive  shales 105 


The  divisions  ajipear  to  be  valid,  and  I need  comment  further 
on  but  one,  the  I'ed  shale  at  the  base.  This  is  exposed  splendidly  in 


Photograph  hy  R.  W.  Stone 

Fif’ure  ill.  Stone  yard  exploiting  the  new  Milford  flags,  northeastern 

Pennsylvania. 


a cut  on  the  Helawai'e,  Lackawanna  and  AVestern  Kailroad  at  Kings- 
ley, Susquehanna  County,  and  to  it  in  ISKIG  I gave  the  name  Kingsley 
red  shale  (2.")0).  As  it  has  some  areal  distribution  and  is  a convenient 
datum  for  determining  the  interval  up  to  the  base  of  the  next  over- 
lying  red,  the  Damascus,  it  is  worthy  of  a distinguishing  geographic 
name.  The  rest  of  the  New  Milford  above  the  Kingsley  I have  called 
the  Lanesboro  member  of  the  foianation  for  exposures  in  the  nigh- 
borhood  of  Lanesboro.  Tn  general  the  Lanesboro,  or  the  New  Milford 
as  a whole  where  the  Kingsley  is  absent,  is  composed  of  more  or  less 
cross-bedded,  gray  or  gi-eenish-gi'ay  flags,  some  (pute  massive.  Litho- 
logically, they  resemble  the  Delaware  River  flags.  The  upper  portion 
is  cliff-fornnng.  The  maximum  thickness  is  not  far  from  AARdte’s  fig- 
ure alid  is  between  400  and  500  feet  in  Sus(iuehanna  County,  the 
region  of  its  best  development.  Nnmerous  excellent  exposures  are 
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there  to  be  liad,  eliiefly  in  abandoned  quarries,  for  the  New  Milford 
was  locally  the  tiagstone-produeing  member  par  excellence  in  the  days 
when  flagstones  were  in  universal  demand  for  sidewalks  in  the  East. 
Now,  with  the  nse  of  concrete  for  tliat  purpose,  many  quarries  are 
abandoned  and  flagstones  are  in  little  demand  for  walks,  bnt  are 
used  for  ornamental  floors  in  public  buildings  and  for  paving  ter- 
races, etc.  AVbite  thought  the  New  Milford  was  a fresh-water  deposit, 
bnt  Harding  has  found,  during  Ids  years  of  search,  marine  inverte- 
brates at  intervals  in  at  least  the  lower  two-thirds.  Plant 
remains  are  also  common,  but  their  preservation  is  poor.  Prom  a 
study  of  the  stratigraphic  sequence  and  of  the  fauna,  supplemented 
by  fossils  and  information  collected  by  Harding  and  sent  to  Harris- 
burg,* it  has  been  deduced  that  the  New  Milford  consists  of  an 
alternation  of  marine  and  fresh-water  beds.  But  for  the  fossils,  this 
would  not  be  apparent,  for  the  lithology  bears  little  proof  of  the 
environmental  conditions  under  which  the  strata  formed.  At  least, 
it  appears  that  continental  beds  dominate  at  the  top  in  the  type 
region  and  pass  over  to  marine  Avestward. 

The  New  Milford  formation  dives  under  the  upper  end  of  the  Lack- 
awanna syncline  from  the  Avest,  and  fails  to  emerge  as  such  on  the 
eastern  side.  Bather,  A\diere  it  again  comes  to  the  surface,  it  is  the 
Shohola  formation  already  described.  West  of  Susquehanna  County, 
the  marine  increment  increases,  so  that  in  central  Bradford  County 
the  Ncav  Milford  is  all  “Chemung”  in  lithology,  that  is,  gray  or  olive- 
green,  broAAUi-weathering  and  rather  soft  sandstones  and  shales,  all 
bearing  marine  fossils,  usnallj^  in  some  abundance.  Approximately 
the  upper  100  feet  of  the  NeAv  Milford  is  assigned  to  the  CanadaAvay, 
the  re.st  to  the  Chemung  (AVellsburg  and  perhaps  older).  This  state- 
ment is  draAvn  from  the  paleontological  data  furnished  by  the  Luthers 
Mills  coquinite  found  to  the  Avest  near  the  top  of  the  Nbav  Milford 
formation,  and  from  fossils  AAdiich  Harding  and  I obtained  from 
Susquehanna  County.  The  Chemung  exposed  along  the  Susquehanna 
River  in  northeastern  Snsquehanna  County  comes  beloAV  the  Ncaa^ 
Alilford  and  is  thought  to  be  Cayuta.  NoAvhere  are  fossils  particu- 
larly abundant  in  the  eastern  range  of  the  Ncav  Milford,  and  preserva- 
tion is  usually  poor.  Pelecypods  dominate.  Therefore,  the  correlation 
is  not  based  upon  too  firm  a foundation.  The  Chemung-CanadaAvay 
line  is  not  sharp,  nor  is  there  any  clear  separation  of  the  AVellsburg 
from  the  Cayuta. 

In  northern  AVyoming  County  on  the  railroad  at  Lemon  and  dubi- 
ously east  thereof  a short  distance,  but  developed  in  increasing 
clarity  to  the  Avest  along  the  Susquehanna  River,  particularly  at  Lime 
Hill  south  of  AAWsox  in  Bradford  County,  is  a bed  of  co(]uinite  tAvo 
to  three  feet  thick.  Not  a true  limestone  throughont  (there  are  lime- 
stone layers)  most  of  it  is  a jumble  of  broken  marine  fossil  shells.  At 
Lemon  it  carries ; 

Camarotocchid  coiitrucla  Hall 

C.  aappho  Hall 

Crpplonclla  ciidora  Hall 

“Spirifcr"  (lisjinictiin  Sowerby 

* Numerous  letters  and  reports  written  by  Mr.  Harding'  are  on  file  with  the  Pennsyl- 
vania Topographic  and  Geologic  Survey,  and  I personally  have  spent  some  time  with 
him  in  the  field  visiting  most  of  his  more  important  localities. 
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Productella  lachrymosa  var.  stigmata  Hall,  too,  occurs  in  the 
Susquehanna  Valley  in  this  bed.  Such  forms  are  also  found  at  the 
bottom  of  the  red  Damascus.  A similar  fauna  was  listed  from  the 
Bradford  County  marine  Ilonesdale.  They  are  all  closely  allied  to 
that  of  the  Luthers  Mills  eoquinite  given  below. 

Williams  and  Kindle  (265)  named  the  Franklindale  limestone 
found  in  Towanda  Narrows  near  Franklindale  on  the  south  limb  of 
the  Towanda  anticline  as  a substitution  for  the  name  “Burlington 
limestone’’  of  Andrew  Sherwood  (189)  which  was  preoccupied.  AVil- 
liams  and  Kindle  believed  their  Franklindale  to  be  the  equal  of  the 
“Burlington”  which  was  first  described  from  an  outcrop  some  miles 
farther  north  near  Burlington  on  the  north  side  of  the  Towanda 
anticline. 

Sherwood’s  “Burlington  limestone”  at  its  type  localitj^  is  a breccia 
of  shells  interspersed  through  a cement  of  red  mud.  This  is  the 
type  locality  for  what  I first  called  a eoquinite  (234),  a name  since 
applied  rather  widely  in  Pennsylvania.  In  central  Bradford  County 
near  Burlington  this  is  40  feet  thick.  Presumably  it  is  the  correlative 
of  thin  beds  of  the  same  nature  known  near  LeRaysville  and  Rome, 
many  of  which  have  been  quarried  and  burned  in  this  lime-poor 
area  (147-8).  Although  sadly  comminuted,  several  species  of  fossils 
have  been  identified  from  the  eoquinite  near  Burlington. 

Productella  lachrymosa  var.  stigmata.  Hall 

Gryptonella  emlora  Hall 

“Spirifer"  disjii^ictus  Sowerby 

Also  Camarotcechia  and  Athyris  have  been  found,  but  were  not 
specifically  identifiable. 

The  Franklindale  limestone  of  Williams  and  Kindle  is,  in  contrast 
to  the  “Burlington,”  nearly  a true  limestone,  not  a eoquinite.  Also, 
it  is  older  than  the  “Burlington”  to  the  north,  beiirg  probably  late 
Chemung.  Therefore,  I believe  that  the  Franklindale  of  AVilliams 
and  Kindle  is  not  the  equivalent  of  what  Sherwood  called  “Burling- 
ton”. The  type  “Burlington”  I consequently  re-named  the  Luthers 
Mills  eoquinite  (250)  from  a cross-roads  east  of  Burlington.  This 
eoquinite,  not  the  Franklindale,  is  correlated  with  the  other  coquinites 
to  the  east.  Probably  they  are  not  continuous,  but  they  are  nearly 
contemporaneous  and  must  have  developed  under  nearly  identical 
environmental  conditions.  In  northeastern  Bradford  County,  the 
Luthers  Mills  lies  at  the  base  of  the  lowest  red  beds  atop  the  New 
Milford  or  in  the  highest  New  Milford  strata.  The  position  of  the 
base  of  the  Damascus  red  beds  may  vary  slightly.  Near  Burlington 
it  is  a little  lower,  but  it  rises  westward  where  the  Ilonesdale  and 
Damascus  pass  into  the  marine  facies.  Other  marine  beds  may  have 
been  interpolated  into  the  section  under  the  Damascus  and  the 
Luthers  Mills,  or  the  former’s  marine  equivalent  may  have  consid- 
erably thickened  westward.  Assuming  that  the  coquinites  at  Lemon, 
Lime  Hill,  LeRaysville,  Rome,  Burlington,  etc.,  are  essentially  the 
same,  they  form  a valuable  key  for  the  recognition  of  the  upper  part 
of  the  New  Milford  formation  in  this  region  and  determine  the  age 
of  this  portion  as  Canadaway. 
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The  New  Milford  in  Susquehanna  County  rests  upon  marine  Che- 
mung correlated  with  the  Cayuta  and  carrying  no  non-marine 
elements  so  far  as  ascertained.  White  (226)  called  this  the  “Starrucca 
olive  shale”,  but  there  is  no  justification  for  the  retention  of  this 
term.  The  Cayuta  is  the  lowest  formation  exposed  in  northern  Penn 
sylvania.  Only  down  the  Delaware  Valley  do  older  beds  crop  out. 
.In  that  region  White  (226,  etc.)  mentioned  what  he  termed  the  Lack- 
awaxen  conlgomerate,  but  I am  not  sure  that  this  is  a valid  unit. 
Certainly,  AVhite’s  long  range  correlations  between  this  local,  con- 
tinental'bed  and  marine  conglomerates  in  Huntingdon  County  are  to 
be  entirely  discounted. 


Figure  82.  Wysox  fault  near  Wysox,  Bradford  County,  an  expression 
of  the  type  of  structure  here  encountered. 


White  (226)  considered  the  red  beds  at  the  base  of  the  New  Mil- 
ford which  I have  named  the  Kingsley  shale  to  be  the  equivalent  of 
the  iron  ores  at  Mansfield  in  eastern  Tioga  County.  These  ores  and 
the  Pranklindale  limestone  have  confused  stratigraphers.  AVilliams 
and  Kindle  (265)  put  the  ores  above  the  limestone.  Sherwood  (189) 
and  Puller  and  Alden  (96,  97)  considered  them  for  the  most  part  to 
be  in  the  reverse  order.  The  disagreement  hinges  on  the  mistake  in 
identifying  the  Pranklindale  with  the  Luthers  Mills  (“Burlington”). 
The  error  was  enhanced,  probably,  by  an  incomplete  knowledge  of 
the  structural  geology  involved.  Recent  drilling  and  further  field 
investigation  by  Cathcart  and  others  show  sharp  folding  and  con- 
siderable faulting  hitherto  unknown.  Claypole’s  brief  account  appears 
to  have  been  forgotten  (70).  These  structures  roughly  parallel  the 
north  side  of  Towanda  Creek  valley.  Probably  the  Luthers  Alills 
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eoquiiiite  is  not  the  same  thing  as  the  thin  limestones  of  eastern  Tioga 
Comity  in  tlie  region  of  the  development  of  the  iron  ores.  Conversely, 
the  ores  disappear  east  of  the  Tioga-Bradford  County  line.  Lack- 
ing^ thus  a continuous  key  bed,  the  relations  between  the  two 
regions  are  vague.  The  eocjuinite  is  relatively  high  in  the  marine  beds, 
300  feet  below  the  base  of  the  dondnantly  red  iiortion  of  the  column 
in  central  Bradford  County.  The  base  of  the  red  strata  there  is 
lowest  Cherry  Bidge  of  early  Conneaut  or  late  Canadaway  age.  The 
ores,  all  save  one,  appear  to 
be  lower  in  section,  some 
hundreds  of  feet  beneath  the 
base  of  the  red  beds.  The 
older  ores  carry  fossils  as- 
signed to  the  upper  Chemung, 
below  the  lowest  occurrence 
of  xWiyris  angelica.  The 
Franklindale  limestone  is  also 
characterized  by  an  upper 
Chemung  fauna.  Therefore, 
the  Luthers  iMilis  eocjuinite  is 
placed  higher  than  most  of 
the  IManstield  iron  ores  and 
th(‘  rh'anklindale  limestone. 

White  (226)  thought  that 
the  Cascade  sandstone,  which 
he  recognized  in  the  lower 
Chemung  in  northeastern 
Susquehanna  C'ounty,  might 
equal  the  Pall  Creek  conglom- 
erate previously  described  by 
Sherwood  (189)  from  north- 
ern Bradford  and  Tioga 
counties.  As  the  Pall  Creek 
is  now  considered  to  be  at 
the  top  of  the  Chemung,  this 
correlation  seems  unlikely, 
nor  is  either  the  Pall  (h’eek 
or  the  Cascade  to  be  corre- 
lated with  the  Cuba  sand- 
stone as  some  tbink,  for 

the  Cuba  is  still  higher,  at  the  base  of  the  Conneaut  group.  A¥hite 
placed  the  Pall  Creek  below  the  Xew  IMilfoi'd  formation  by  200  to 
325  feet,  an  obvious  error  if  the  Pall  Creek  of  White  was  the  same 
as  that  of  Sherwood.  i\Iy  field  observations  would  place  the  Pall 
Creek  below  the  Luthers  Mills  by  perhaps  50  feet.  Tf  so,  it  should 
lie  very  near  the  contact  between  beds  of  highest  Chemung  and  of 
lowest  Canadaway  age.  What  fossils  I have  seen  from  it  indicate  the 
former  rather  than  the  latter  age. 
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Figure  83. 
abaiuloiieri 
Couiitv. 


Photograph  hy  Bradford  Willard 

Mansfield  iron  ore  bed  in 
pit  near  Mansfield,  Tioga 
Hammer  marks  ore  bed. 


ALLEGHENY  FRONT  CORRELATION 

Although  not  final,  iiending  completion  of  studies  of  the  Mississip- 
pian  by  others,  I have  made  some  attempts  to  carry  a correlation 
through  from  the  Allegheny  Pront  in  Clinton  and  Lycoming  counties 
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northwestward  to  ^McKean 
and  Potter  counties  and  to  tie 
these  in  with  Tioji'a  County 
(250).  It  liad  been  observed 
that  the  top  of  the  Catskill 
facies  along'  the  Allegheny 
Front  often  carries  an  anoin- 
alons  member  composed  of 
markedly  cross-bedded,  green- 
ish, flaggy,  rather  coarse 
sandstone  which  in  many  re- 
spects strongly  suggested  the 
appearance  of  the  Oswayo 
sandstone  of  north-central 
outcrops.  It,  and  the  beds 
on  the  Allegheny  Front,  are 
both  barren.  A reconnais- 
sance was  run  down  the  8in- 
nemahoning  and  Snsqne- 
hanna  valleys  thro  n g li 
Cameron  Comity  to  Lock 
Haven.  Other  sections  were 
studied  along  Loyalsock,  Ly- 
coming and  Pine  Creek  val- 
leys. The  results  obtained 
substantiated  the  original 
suspicion  of  the  equivalence 
of  these  similar  beds.  Fur- 
thermore, the  Knapp  flat- 
pebble  conglomerate  was 
thought  to  be  found  far 
enough  south  from  the  War- 
ren-Bradford  region  to  tie  it 
in  rather  deflnitely  with  the 
lower  part  of  the  Pocono. 
However,  flat-pebble  con- 
glomerates are  deceptive  and 
often  repeat.  i\Inch  was  writ- 
ten about  them  by  the  Second 
Survey  and  subsequent 
writers.  The  general  opinion 
seems  to  have  prevailed  and 
still  does  to  some  degree  that 
round  pebbles  were  formed 
in  streams  and  the  flat  ones 
on  coasts.  The  former  were 
rolled  by  currents,  the  latter 
shuttled  by  waves.  If  this 
be  so,  here  is  an  interestimi 
correlary  worthy  of  citing. 
The  notably  round-pebble 
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conglomerates  are  the  Olean  or  Pottsville  and  those  of  the  Pocono, 
Ilonesdale,  etc.  Tliese  are  admittedly  continental  in  origin.  The  flat- 
pebble  beds  of  the  lowest  Mississippian  and  highest  Devonian  measures 
of  our  northwestern  countie.s  are  marine  deposits.  When  I attempted 
to  trace  the  flat-pebbled  Knapp  into  the  Pocono  I found  that  there  is 
a change  from  flat  to  round-pebble  conglomerate.  Such  a change, 
coincident  with  the  lateral  transition  from  marine  to  fresh-water  beds, 
is  quite  illuminating.  At  the  same  time  that  these  observations  on  the 
Knapp  and  basal  Pocono  were  made,  a conglomerate  believed  to  be  the 
Woodcoek-Tuna-Killbuck  at  or  near  the  base  of  the  Oswayo  was  found 
as  far  south  as  northern  Cameron  County,  and  may  even  extend  down 
the  Susquehanna  to  a point  opposite  Queens  Run  above  Lock  Haven. 
At  that  place  it  underlies  beds  of  an  Oswayo  or  Elk  Mountain  lith- 
ology. As  a cheek  on  this,  the  Coudersport  member  is  correlated  with 
heavy  beds  in  northern  Lycoming  and  Clinton  counties,  but  the 
Panama  conglomerate  (Wolf  Creek?)  was  not  surely  recognized 
here. 

Red  beds  persist  and  their  thickness  increases  downward  in  the 
interval  between  the  Coudersport  sandstone  and  the  Chemung  proper. 
These  were  not  differentiated,  as  nothing  suggesting  the  Honesdale  or 
other  key  units  was  found  among  them.  Therefore,  the  red  beds  pre- 
sumably are  equivalent  to  the  Cherry  Ridge,  Honesdale  and  Dam.as- 
cus,  since  they  overlie  upper  marine  Chemung  at  Lock  Haven  and 
underlie  what  I think  is  the  correlate  of  the  Oswayo  or  Elk  Mountain. 
The  red  beds  should  also  include  the  equivalent  of  the  highest  part 
of  the  Shohola  and  New  Milford  formations  as  well.  As  the  Catskill 
thickens  southward  from  McKean  and  Potter  counties,  the  green, 
cross-bedded  unit  at  the  top  is  thought  to  maintain  its  place  to  the 
Allegheny  Front.  There  it  underlies  the  Pocono  with  no  admitted 
representative  of  the  Mount  Pleasant  red  shale  between  (Figure  73). 

The  Second  Survey  members,  particularly  Chance  (55,  56),  Sheafer 
(188),  Sherwood  (190,  191),  and  Platt  (157,  158),  working  in  Pot- 
ter, Cameron,  Clinton  and  Lycoming  counties  attacked  this  problem 
of  correlation.  Chance  made  some  interesting  contributions ; excellent, 
considering  the  handieaiis  under  which  he  did  his  field  work.  He 
believed  that  the  Pocono  passed  northwestward  into  shales  which,  in 
the  lower  part,  became  red  and  assumed  a 'Catskill  facies.  He  called 
what  we  know  now  as  the  Cattaraugus,  the  “red  Pocono.”  He  did 
not  appreciate  that  the  Pocono  thinned  out  to  the  northwest  with 
an  essentially  synchronous  base  throughout. 

Summing  up  the  Allegheny  Front  situation,  I believe  that  the 
Pocono  formation  here  is  much  like  the  Pocono  of  the  east,  though 
a little  finer-grained,  thinner-bedded  and  perhaps  somewhat  shalier. 
It  rests  upon  beds  of  Elk  Mountain  or  Oswayo  lithology  in  rather 
sharp  contact  that  is  far  from  the  traditional  transition.  These  in  turn 
may  overlie  a concretionary  or  eonglomeritic  zone  thought  to  repre- 
sent one  of  the  higher  conglomerates  or  the  Roystone  coquinite  of  the 
northwest.  Under  this  zone  comes  in  the  red  succession,  the  Cat- 
taraugus plus,  for  a vast  thickness  at  the  “Front”.  The  red  sequence 
is  not  differentiated  and  can  be  correlated  only  nominally  with  that 
of  the  northeastern  sections.  Its  base  rests  upon  and  interfingers  with 
marine  beds  carrying  an  upper  Chemung  assemblage  of  fossils. 
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P'’artlier  east,  partieularlj-  on  the  lower  Susquehanna  and  Juniata 
valleys,  the  Poeono-Catskill  relations  differ  from  those  of  the  Alle- 
gheny Front,  typically  Clinton  County,  due  to  the  absence  of  the 
Oswayo  or  Elk  Mountain,  not  found  in  the  region  next  west  and 
south-southwest  of  the  Poeono  Plateau.  This  distinction  is  noteworthy. 
Marine  Poeono  (Riddlesburg  shale)  is  known  in  the  Broad  Top  and 
adjacent  sections  of  the  Allegheny  Front  and  south  into  Maryland. 
It  may  extend  to  the  Susquehanna  in  Dauphin  and  Perry  counties. 
It  implies  a less  remote  position  from  the  ocean  than  the  eastern, 


Photograph  bg  Bradford  Willard 

Figure  83.  Conglomerate  (Knapp?)  float  west  of  Coudersport, 

Potter  County. 


entirely  non-marine  Poeono.  This  supposition  is  supported  by  the 
finer  grained,  shalier  or  platier  beds  and  thinner  stratification.'  The 
Oswayo  being  Devonian  in  age,  a thin  remnant  of  the  highest  Devon- 
ian beds  may  therefore  extend  south  through  Lycoming  County  even 
as  far  as  Bedford  County  where  Oswayo-like  strata  occur  beneath 
the  Poeono.  Ihej'  apparently  did  not  reach  the  lower  Susquehanna 
\ alley , vhere  red  beds  may  have  supplanted  the  green,  or  they 
have  been  cut  out  by  a Mississippian-Devonian  uneouforniitv.  The 
Poeono  of  the  Alleglieny  Front,  with  its  diagnostic  plants  but"  nearly 
non-diagnostic  marine  faunules,  is  clearly  IMississippian ; the  green 
beds  below  are  quite  surely  Devonian.  "Probably  they  have  “been 
commonly  mapped  or  considered  as  belonging  to  "the  P'oeono,  which 
may  in  part  account  for  the  assertion  sometimes  made  that  the  lower 
part  of  the  Poeono  in  southern  Pennsylvania  is  perhaps  of  Devonian 
age  or  contains  red  beds. 
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THE  POCONO  QUESTION 

AAliat  is  tlie  Pocoiio,  where  is  its  type  locality,  what  is  its  make  up? 
These  queries  have  keen  asked  and  answers  suggested  in  recent 
discussions  of  the  topic  (10,  50,  100,  12i,  168,  222,  225,  etc.).  It  is 
necessary  here  to  cite  something  of  the  literature  and  conceptions 
regarding  the  Pocono  because  of  longstanding  mistakes  as  to  its  nature 
in  eastern  Pennsylvania  and  recent  confusion  with  the  Devonian. 
These  errors  I have  pointed  out  in  attempts  to  correct  them,  but  a 
summary  of  the  situation  must  be  here  repeated.  The  type  locality 
for  the  Pocono  is  usually  taken  to  be  the  Pocono  Plateau.  This  is 
only  partly  correct.  In  helping  to  prepare  the  first  State  geologic 
map,  1858,  Lesley  was  responsible  for  the  interpretations  of  the 
formations  of  the  Pocono  Plateau,  and  he  it  was  who  erred  fii-si 
in  assigning  a large  part  of  its  surface  to  the  A^espertine  or  No.  X 
which  today  we  call  Pocono.  The  Second  Survey  merely  reengraved 
this  error.  Lesley,  dictator  and  autocrat  of  that  body,  perpetrated 
his  incorrect  concept  in  the  face  of  the  contrary  and  correct  findings 
of  I.  C.  AA'hite  in  Pike  and  Alonroe  counties  (228).  The  whole  dif- 
ficulty was  that  what  Lesley  insisted  was  Pocono  over  a large  part 
of  the  Pocono  Plateau  was  actually  the  very  similar  Honesdale  sand- 
stone. AVhite  knew  this,  and  Lesley  admitted  AA^hite’s  correction  when 
he,  Lesley,  wrote  the  introduction  to  Volume  G6  (228)  but  he  never 
allowed  the  admission  to  go  farther  or  appear  as  a correction  on  the 
county  map.  The  Alississippian  Pocono  formation  actually  forms  only 
the  western  rim  of  the  Plateau  and  holds  up  the  Moosic  Alountains. 
The  escarpment  of  the  Plateau  is  the  similar  Honesdale  sandstone. 
The  surface  of  the  Plateau  consists  of  the  younger,  red  Cherry 
Ridge  and  Mount  Pleasant  formations,  the  greenish  Elk  Alountain 
sandstone  and  part  or  all  of  the  similar  Honesdale.  These  lie  nearly 
flat  on  the  Plateau,  but  the  dip  increases  southwestward  toward  the 
Lehigh,  so  that  the  formations  occupy  continually  narrower  bands 
until  the  Honesdale  and  Pocono  closely  converge  in  Bear  Alountiin 
and  its  continuation.  Second  Alountain  below  Mauch  Chuidc  and  west- 
ward. This  is  usually  a double-crested  ridge.  The  northern  crest  is 
the  true  Pocono  of  Mmsissqypkm  age  and  is  traceable  into  the  western 
edge  of  the  Plateau  and  the  Aloosic  Alountains.  The  southern  crest 
is  the  HonescMe  and  in  part  the  Pimple  Hill  conglomerate.  (It  will 
be  recalled  that  the  Elk  Mountain  has  dropped  out.)  Between  the 
two  crests  are  red  beds  of  post-IIonesdale  but  pre-Pocono  age,  that 
is,  highest  Devonian.  The  name  Pocono  should  be  retained  in  the 
literature,  since  this  formation  is  represented  by  Alississippian  beds 
along  the  western  rim  of  the  Pocono  Plateau,  but  it  must  be  dis- 
tinctly separated  from  the  Honesdale.  This  is  shown  in  the  map  of 
the  northeastern  quarter  of  Pennsylvania  which  depicts  the  true  rela- 
tions of  the  Pocono  and  the  Upper  Devonian  continental  formations. 
(Figure  72.)* 

SUMMARY 

The  following  table  shows  thickness  changes  in  the  Catskill  mem- 
bers in  northern  and  northeastern  Pennsylvania: 

* I recently  published  a fuller  account  of  the  Pocono  question  (250),  but  refrain 
from  repeating  it  here  as  it  Is  controversial  and  not  particularly  pertinent. 
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Table  XXXI,  Thickness  changes  of  Catskill  iniits 


1 

i 

Formation 

County  or  area 

u: 

1 

’j. 

- 

C 

^ — 

I’ocono  I'liitcuu 

Mt.  Pleasant 

0 

10 

0-10 

10 

475 

345 

596 

400 

3.50? 

Elk  IMoimtain 
or  Oswayo 

250 

325 

160 

140 

170 

200 

125 

75 

100? 

Cherry  Ki  dge  or 
Cattaraugus 

300 

3'50 

800- 

lOOO 

800 

400 

465 

500 

275 

375? 

Honesdale 

0-100 

0-200 

170 

200 

600 

500 

Damascus 

0-175 

125 

160 

400 

510? 

1 1500 

Shohola 

725 

(?) 

This  table  shows  that  thei’e  is  no  gi-eat  thickening  of  the  Cats- 
kill  eastward  as  some  would  lead  ns  to  suppose.  Actually,  the  thick- 
ening is  toward  the  southeast,  not  the  east.  Sections  from  Tioga  to 
Perry  and  Sehnylkill  counties  should  show  this  to  advantage  had  we 
sufficient  snbsiu’face  data  to  draw  them  fnlly.  Tabulating  the  thick- 
ness from  the  top  of  the  Mount  Pleasant  to  the  bottom  of  the  Ilones- 
dale  we  have : 


Feet 


Bradford  County  1050 

Susquehanna  County  1245 

Wyoming  County  1180 

Wayne  County  A Delaware  Valley 1421 

I’ocono  Plateau 1350 


To  this,  for  comparison,  we  might  add  Perry  County,  4500  feet, 
but  here  the  base  is  of  course  somewhat  older  than  the  Ilonesdale, 
early  Shohola,  in  fact.  The  post-CTiemnng  is  about  4,000  feet  thick. 

All  but  the  highest  Dievonian  unit  of  the  icontineirtal  Catskill  facies 
may  be  traced  into  marine  strata  and  directly  correlated.  This  may 
be  demonstrated  by  the  Table  XXXII,  page  309. 

I have  described  the  Devonian-Mississipiiian  relations  in  Pennsyl- 
vania, particnlarly  between  the  continental  representatives  of  these 
systems.  The  boundary’  appears  to  be  disconformable.  A transitional 
relation  is  probably  exceptional,  not,  as  formerly’  taught,  the  rule. 
The  lithologic  break  among  the  continental  beds  is  directly’  correlated 
with  a faunal  and  lithologic  break  among  the  marine  beds  of  our 
northwest. 

I have  shown  that  the  Pocono  does  not  occupy’  the  major  part  of 
the  surface  of  the  Pocono  Plateau.  The  formation  is  confined  to  the 
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western  edge  of  that  topographic  feature  and  the  Moosie  Mountains, 
the  rest  of  the  Plateau  being  floored  by  Devonian  rocks. 

I.  C.  White’s  Catskill  divisions  are  in  general  valid,  and  little  no- 
menelatorial  change  has  been  necessary  in  using  them.  My  chief,  ad- 
verse criticism  of  his  work  has  been  the  matter  of  correlation,  but 
his  interpretation  of  the  late  Devonian  continental  sequence  is  to  be 
highly  commended  and  applauded.  In  my  recent  paper  on  the  north- 
east I discussed  the  interpretation  by  Chadwick  in  which  he  brought 
forth  the  novel,  but,  as  far  as  I can  see,  inapplicable  and  unsubstanti- 
ated concept  that  the  Pocono  is  “white  Catskill”.  We  need  not  enter 
further  into  this  discussion. 

Summing  up  the  correlations  of  the  members  of  the  Catskill  conti- 
nental facies  with  their  marine  equivalents  generally  we  have ; 


Marine 

Upper  Conewango 
Lower  Conewango 

Conneaut  

Upper  Canadaway 
Middle  Canadaway 
Lower  Canadaway 

Chemung  

Upper  Portage  . . . 


Continental 
Elk  ^Mountain 
Copper  Cherry  Eidge 
Lower  Cherry  Eidge 
Honesdale 
Damascus 
Shohola  (Paupack) 
Shohola  (Barryville) 
Delaware  Eiver 
Analomink 


CHAPTER  IX 
CORRELATION 


METHODS  OF  CORRELATION 

The  sub-seieiice  of  geology  called  stratigraphy  may  be  defined  as 
the  “origin,  history,  sequence  and  correlation  of  bedded  deposits  of 
rocks”.  The  ultimate  .aim  of  stratigraphy  is  correlation.  By  corre- 
lation is  understood  the  matching  of  strata,  that  is,  demonstrating 
which  beds  or  formations  in  one  section  or  region  are  the  chronologic 
equals  or  correlates  of  certain  beds  or  formations  in  anotlier.  Often, 
a newly  studied  section  is  correlated  or  compared  with  one  long 
known.  The  latter  may  be  then  referred  to  as  the  standard  or  type 
section.  There  is  but  one  sure  way  to  correlate,  that  is  actually  to 
trace  a particular  bed  or  group  of  beds  from  a given  locality  to 
another.  Often  this  is  not  feasible;  perhaps  erosion  has  cut  out  the 
sequence  at  some  intermediate  place,  or  at  points  the  sequence  is 
covered  by  younger  rocks.  In  such  cases  other  methods  must  be 
called  into  play.  There  are  several  ways  and  means  of  making  cor- 
relations, but  all  may  be  classified  .according  to  whether  they  are 
based  upon  (a)  the  inorcjanic  characder  of  the  rock  or  lithology,  (b) 
the  organic  (biologic)  character  of  the  rock  or  its  paleontology,  and 
(c)  a combination  of  lithologic  a.nd  paleontologic  evidence.  In  corre- 
lating, no  specific,  hard  and  fast  rules  can  be  quoted.  In  general, 
it  is  a case  of  applying  all  the  information  and  experience  available 
to  the  individual  stratigrapher  in  a particular  field. 

Correlation  b]i  lithology. — ^Correlation  may  sometimes  be  carried  out 
on  purely  lithologic  data.  Some  sedimentary  rocks  are  barren  of  fos- 
sils, or  what  fossils  they  contain  may  be  non-diagnostic.  Again,  fos- 
sils if  present  at  all  may  be  very  scarce.  Metamorphism  may  Irave 
so  damaged  the  remains  that  they  are  unrecognizable.  In  such  eases 
lithology  must  be  employed  iu  correlation. 

The  general  appeaixince  of  the  rock  is  helpful  in  correlation.  Cer- 
tain persistent  or  key  beds  of  peculiar  lithologic  aspect  may  be  recog- 
nized. Color  is  a great  factor — not  only  the  color  of  the  fresh  rock 
itself,  but  that  of  its  weathered  product,  the  color  it  imparts  to  the 
soil  above  it,  the  color  of  its  streak,  that  of  the  powdered  rock,  or 
its  color  when  scratched.  Changes  in  color  of  residual  soils  are  also 
a key  to  variations  of  the  underlying  bedrock.  In  mountainous  regions 
composed  of  folded  sedimentary  rocks,  correlation  may  be  effected 
provided  certain  litliologic  types  produce  particular  or  peculiar  topo- 
graphic features,  such  as  ridges,  cuestas,  hogbacks,  benches,  valleys, 
rows  of  sinks,  drainage  patterns,  and  the  like.  An  accurate  topo- 
graphic map  on  a scale  adequate  to  bring  out  the  finer  details  of 
such  an  area  is  a vast  help  in  this  type  of  correlation.  Closely  asso- 
ciated with  the  use  of  topography  is  the  recognition  of  such  features 
as  rows  of  springs  trickling  from  a pervious  layer  along  a valley  side. 
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Minerals  or  mineral  aggregates  are  applicable  in  lithologic  corre- 
lation. Some  beds  may  carry  distinctive  concretions,  cone-in-cone 
structure,  and  specific  minerals  such  as  glauconite  or  pyrite.  Insoluble 
residues  obtained  rvlien  calcareous  sediments  have  been  digested  in 
dilute  acid  atford  correlative  data  in  that  the  character  of  the 
mineral  residue  or  its  percent  composition  varies  among  ditferent 
formations  or  indivichial  beds.  In  much  the  same  light  may  be  re- 
garded the  studies  of  the  heavy  mineral  particles  in  sediments,  a 
method  applicable  more  to  the  non-calcareous,  clastic  rocks.  Pseudo- 
fossils may  be  sparingly  used,  but  in  general,  mud  cracks,  ripple 
marks,  rain  prints  and  the  like  are  of  local  occurrence  or  confined 
to  parts  only  of  a chosen  bed  or  group.  Metamorphic  and  igneous 
l^henomena  have  their  application.  Alteration  of  sediments  affects 
dissimilar  tyjies  differently.  Unusual  results  are  obtained,  particu- 
larly in  sorts  of  minerals  and  structures  produced.  Sills  are 
known  to  follow  bedding  surfaces  over  wide  areas,  and  as  such  have 
a correlative  value  often  expressed  topographically.  Falls  of  volcanic 
ash  can  cover  broad  areas.  AYhen  such  a fall  is  buried,  it  may  be 
altered  to  a distinctive  layer  of  bentonite  or  metabentonite.  As  such 
it  becomes  one  of  the  most  nearly  perfect  key  beds  known  to 
stratigraphy. 

A highly  refined  lithologic  means  of  correlation  and  one  particu 
larly  applicable  to  subsurface  work  is  that  of  matching  sequences. 
Given  a particular  section  or  succession  of  four  beds,  each  bed  pos- 
sessed of  a distinctive  character  or  characters,  the  discovery  of  a like 
sequence  in  an  adjoining  section  is  an  almost  infallible  means  of 
correlation  because  there  is  so  little  mathematical  probability  of  the 
chosen  four  being  duplicated  by  an  earlier  or  later  sequence.  By  a 
similar  process  it  may  sometimes  be  ascertained  that  a particular 
unit  present  at  one  place  is  absent  elsewhere.  The  recognition  of 
disconformities,  unconformities  or  diastems  serves  as  a valuable  check 
upon  correlation.  The  relative  position  of  a i^articular  bed  as  referred 
to  adjacent  strata  is  often  a help  in  determining  its  age  and  corre- 
lation. In  this  respect,  carefully  measured  thicknesses  and  intervals 
are  an  adjunct,  provided  of  coiirse  that  one  is  reasonably  certain  that 
there  is  comparatively  little  or  at  least  a constant  variation  in  thick- 
ness or  interval. 

Finally,  of  all  inorganic  correlations,  the  most  significant  is  the 
recognition  of  contemporaneously  -formed  lithologic  facies.  The  far 
reaching  value  of  this  concept  cannot  be  overemphasized.  Determine 
which  limestone,  shale  or  sandstone  or  parts  of  such  formed  simul- 
taneously with  one  another,  and  half  the  game  of  strata  matching  is 
won.  While  this  method  may  lack  refinement,  in  that  lesser  details 
must  be  supplied  by  closer  attention  to  other  means  of  correlation, 
it  is  nevertheless  a concept  Avhich  must  be  constantly  applied. 

Correlaiion  hy  paleontology. — In  many  respects  correlation  by  fos- 
sils or  applied  paleontology  is  not  so  A'ery  different  from  correlation 
by  lithology.  The  basic  principles  are  much  alike  in  both.  Fossils  may 
be  looked  upon  as  labels  attached  to  the  strata.  Paleontologic  corre- 
lation draAvs  its  major  premise  from  the  concept  that  today  in  fairly 
contiguous  regions  AAdiere  physical  conditions  are  alike,  closely  similar 
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plants  and  animals  should  be  living.  If  this  is  true  of  living  forms 
today,  it  ought  to  hold  good  for  ancient  conditions.  In  general,  this 
premise  is  valid,  but  too  much  is  now  and  again  taken  for  granted 
and  again  too  little  attention  paid  to  contemporaneous  facies.  Observa- 
tions of  minute  varieties  of  organic  forms  are  probably  of  less  cor- 
relative value  than  careful  distinction  of  facies  changes. 

A basic  unit  for  organic  correlation  is  the  index  or  guide  fossil. 
Certain  fossils  are  believed  to  be  confined  to  particular  geologic 
units.  As  such  they  are  recognized  guides  or  indices  to  the  particu- 
lar bed  or  beds  in  which  they  are  found.  The  concept  is  applicable, 
but  unless  due  account  be  taken  of  slow,  lateral  migration  and  facies 
distribution,  error  results.  Obviously,  those  forms  with  a great  geo- 
graphic distribution  and  simultaneously,  highly  circumscribed  geo- 
logic range,  are  most  ideally  qualified  for  guide  fossils.  As  a corol- 
lary, it  is  observable  as  a paleontologie  axiom  that  the  simpler,  more 
generalized  types,  have  the  greater  geologic  range.  Conversely,  and 
equally  axiomatic,  the  short-lived  forms  are  the  more  highly  special- 
ized, distinctive  forms.  But  guide  fossils  are  often  of  little  value  or 
are  actually  non-existant.  Even  though  well  established  in  one  area, 
their  significance  may  break  down  in  an  adjacent  field  of  operation 
where  their  ranges  are  found  to  be  dissimilar  to  those  Avhich  they 
possessed  in  the  first  or  type  locality. 

Correlation  can  sometimes  be  accomplished  by  groups  of  fossils  or 
entire  faunas  examined  as  a whole.  AYe  are  familiar  with  the  types 
of  plants  and  animals  which,  in  a general  way,  characterize  the  life 
dominant  during  any  of  the  larger  divisions  of  earth  history.  In  a 
more  precise  manner,  many  of  the  smaller,  chronologic  units  .of 
geologic  time  were  peopled  by  definite  biotas  or  simply  faunal  or 
floral  associates.  Some  of  the  members  of  such  an  association  are 
found  to  have  lived  during  older  or  younger  times,  but  a particular 
grouping,  peculiar  to  a given  time  interval  or  stratigraphic  unit, 
establishes  a definite  level  of  correlative  value.  Thus,  in  our  standard 
sections,  we  can  often  designate  faunal  assemblages  which  alone  char- 
acterize each  particular  unit.  In  working  out  the  sequences  and 
correlations  of  a new  field,  one  must  often  establish  afresh  his  own 
faunal  groupings.  AA^ith  abundant  collections  from  each  unit,  such 
groups  can  be  established.  A similar  method  is  the  recognition  of 
faunal  zones  composed  usually  of  one  or  a few  associated  fossils 
occurring  at  a definite  level  oveV  wide  areas.  Provided  there  is  no 
repetition,  this  type  of  correlation  is  relatively  reliable. 

Correlation  between  contemporaneous  but  different  facies  is  often 
important,  but  usually  difficult  to  determine.  If  the  facies  are  not 
too  widely  divergent,  their  faunas  may  be  compared  on  a percentage 
of  similarity  basis.  So  may  estimation  of  equivalence  be  deduced. 
In  adjacent  facies,  characteristic  fossils  of  one  fauna  may  tem- 
porarily invade  the  other  as  a brief  shift  of  facies  takes  place. 

The  stage  of  organic  evolution  attained  by  plants  and  animals 
found  fossil  is  applicable  in  correlation.  Given  a series  of  closely 
consanguineous  organisms  taken  from  a succession  of  beds ; if  these 
belong  to  a mobile  group  which  was  undergoing  steady  evolutionary 
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progress,  each  succeeding  stratum  or  group  of  strata  may  be  expected 
to  yield  fossils  representing  a precise  evolutionary  stage.  The  dis- 
covery of  the  same  precise  stage  of  evolution  in  another  region  is 
presumptive  evidence  for  correlation,  because  organic  evolution  is 
neither  reversible  nor  does  it  repeat  itself. 

Throughout,  in  using  paleontologie  data  for  correlation,  environ- 
ment and  facies  development  must  be  constantly  kept  in  cognizance. 
Take  the  problem  of  marine  correlations ; the  remains  of  benthonic 
forms,  bottom-dwellers,  crawlers,  burrowers  in  the  mud  and  sand,  and 
sessile  forms  usually  are  buried  and  preserved  in  the  medium  in 
which  they  spend  their  lives.  As  such  they  may  become  good  facies 
guides  though  sometimes  of  restricted  geographic  range.  Pelagic  and 
nektonie  forms  on  the  other  hand,  when  they  die,  sink  to  the  bottom 
to  be  buried  in  a medium  quite  certainly  totally  unrelated  to  the 
environment  in  which  they  lived.  As  such,  they  tell  little  of  the  local 
facies,  but  through  their  wide  distribution  may  cover  a relatively 
vast  geographic  range,  transcend  the  boundaries  of  lithic  facies,  and 
serve  as  one  of  the  finest  types  of  long  range  correlation  by  fossils. 
In  a continental  environment,  a counterpart  of  the  foregoing  propo- 
sition is  found  in  wandering  or  migratory  animals  as  contrasted  with 
home-loving  forms,  and  in  those  plants  whose  seeds  or  spores  are 
readily  transported  far  and  widely  disseminated,  in  contradistinction 
to  those  devoid  of  such  well-developed  means  of  distribution. 

Correlation  through  a combination  of  inorganic  and  biologic  fac- 
tors is  of  course  the  best  means  at  our  disposal.  Each  method  forms 
a check  upon  the  other;  they  mutually  support  each  other’s  evidence. 
When  a lithologic  sequence  of  four  strata  has  been  selected  for  com- 
parison, if  a paleontologie  check  may  be  obtained  by  noting  their 
characteristic  and  distinctive  fossils,  we  “make  assurance  doubly 
sure”. 


DEVONIAN  CORRELATIONS  IN  PENNSYLVANIA 

Correlation  of  most  of  our  Devonian  units  in  Pennsylvania  has 
already  been  described  by  individual  groups.  I have  demonstrated 
how  the  passage  of  the  Catskill  continental  facies  into  marine  beds 
establishes  the  relative  ages  of  the  fresh-water-formed  beds.  This 
demonstration  depends  entirely  upon  principles  of  correlation,  both 
organic  and  inorganic.  In  many  sections  of  the  Catskill,  correlation 
by  lithic  sequences  on  a large  scale  through  recognition  of  alternating 
red  and  gray  divisions  was  worked  out. 

By  observing  the  earliest  appearance  of  the  distinctive  fossil, 
“ Spirifer”  disjunctus,  the  base  of  the  Chemung  is  determined.  Lith- 
ology and  paleontology  have  served  to  differentiate  the  Chemung, 
Canadaway,  Conneaut  and  Conewango.  In  the  northwestern  area,  the 
Cuba  conglomerate  and  the  Panama  conglomerate  respectively  mark 
the  bases  of  the  Conneaut  and  Conewango.  The  Dunkirk  black  shale 
punctuates  the  beginning  of  the  Canadaway.  But  these  alone  cannot 
be  relied  upon  unsupported.  Other  conglomerates  are  present,  and 
sandstones  too  which  may  confuse  the  issue..  Rather,  the  associated 
fossils  characteristic  of  each  group  must  be  determined.  Then,  the 
different  lithologic  sequences  of  the  several  units  of  the  groups  form 
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a final  check,  lint  because  of  shifting  facies,  limited  areal  distribu- 
tion of  stratigraphic  units,  and  an  incomplete  faunal  check,  corre- 
lation in  uortlnvestern  renn.sylvania  is  still  open  to  correction  and 
revision.  Parenthetically,  the  r)evoiiian-]Mi.ssissippiaii  discoiifonnity 
is  applicable  here  and  eastward  in  correlating  the  top  of  the  marine 
with  that  of  the  fresh-water  Devonian  beds. 

The  Portage  with  its  contemporaneously  deposited,  complementary 
shale  and  sandstone  facies  illustrates  well  the  problem  of  correlating 
between  two  such  unlike  bodies  of  simultaneously-formed  strata, 
strata  not  only  lithologically  different,  but  fauually  distinct.  Tem- 
jiorary  facies  shifts  here  tie  together  these  unlike  parts  of  a great 
group.  Furthermore,  the  Lo.sli  Run  shale  is  essentially  a faunal  zone 
characterized  by  an  abundance  of  Eeticularla  lavvis.  Its  presence 
at  or  near  the  base  of  the  Trimmers  Rock  and  the  Brallier  proves  a 
valuable  datum  for  matching  dissimilar  phases  of  sedimentation.  I 
have  descrihed  our  Tully  and  Burket.  Used  separatelj"  or  collec- 
tively, they  are  key  beds  of  distinctive'  lithology.  As  such,  coupled 
with  their  faunas,  particularly  that  of  the  limestone,  they  are  of  high 
correlative  value  and  serve  to  separate  the  Hamilton  group  from  the 
Portage.  lu  the  restriction  of  llypotliyridina  venitsfiiht  to  the  Tully 
we  have  an  example  of  what  appears  to  be,  here  at  least,  a true  index 
fossil.  Hamilton  correlations  are  largely  based  uimn  faunal  assem- 
blages.  Though  sharp  lines  can  seldom  be  drawn  between  beds  of 
IMoscow,  Ludlowville,  Skaneateles  and  Marcellus  ages,  these  four  may 
be  distinguished  by  their  faunal  assemblages.  Certain  species  are 
more  abundant  in  one  than  another.  Thus,  the  Ludlowville  with 
its  many  peleeypods  shows  a distinct  dominance  of  one  class  of  in- 
vertebrates. The  thin  sandstones  of  the  Mahantango,  though  hardly 
facies,  are  characterized  by  a few  relatively  large  braehiopods  and 
snails  found  but  sparingly  in  the  more  shaly  beds.  The  Montebello 
is  distinguished  purely  on  its  lithology  from  the  rest  of  the  Mahan- 
tango. Curiously,  its  faunas  are  no  different  from  the  rest  of  the 
Hamilton  group  in  general.  Locally,  the  Marcellus  is  concretionary; 
sometimes  it  has  thin,  limestone  interbeds.  These  features  may  sei've 
to  tell  it  from  the  Burket.  Faunal  zo)ies  have  proved  of  little  use  in 
the  Middle  ami  Upper  Devonian  eori'elations  in  Pennsylvania,  but 
the  Hamilton  group  is  exceptional  in  this  respect.  At  its  top  in  most 
sections  a zone  of  VitnUna  pusUilosa  with  or  without  “ Spirifer” 
IhIHus  is  recognized.  At  or  near  the  base  of  the  Ludlowville  faunal 
facies  the  Centerfield  coral  reef  is  a prominent  zone  in  Monroe  County 
and  other  eastern  paids.  A storm  roller  zone  not  uncommonly  over- 
lies  this  zone  by  a brief  interval. 

The  Onondaga  group  is  usuall.y  identified  on  two  criteria.  Lime- 
stone is  pi-esent  in  its  upper  part  neaily  everywhere  save  in  some 
south-central  sections,  and  the  ubiquitous  Anoplotheca  acutiplicata 
serves  to  identify  the  group  paleontologically.  The  Tully,  Onondaga 
and  lleklerberg  are  the  three  limestones  one  may  look  for  in  our 
Devonian  sections.  All  have  been  mutually  confused  at  one  time  or 
another,  but  each  contaius  distinguishing  faunal  elements  by  which 
it  may  be  differentiated  from  the  rest.  The  Oriskany  is  commonly 
“spotted”  by  its  lithology.  Usuall}^  it  contains  a more  or  less 
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prominent  amount  of  the  coarse  Kidgelev  sandstone.  However,  this 
citerion  is  not  rigid,  for  only  reeentlj'  a similar  sandstone  in  the 
Lehigh  Valley  has  turned  out  to  be  of  Esopns  age,  and  the  iNfonte- 
bello,  Turkey  Ridge  and  Mexico  sandstones  of  the  Hamilton  group 
can  be  lithologically  very  like  this  sandy  Oriskauy.  The  distinctive 
faunal  elements  of  the  Oriskauy  must  be  used  in  corroboration  of 
lithologic  data.  Much  the  same  remarks  apply  to  the  cherty  phase, 
the  Shriver  formation,  as  to  the  sandy  Ridgeley.  Here  again,  with- 
out the  application  of  paleontology,  the  lower  Oriskauy  chert  has  been 
confused  with  cherts  of  later  Oriskauy,  Esopns,  and  of  New  Scot- 
land ages. 

In  the  Helderberg  group  perhaps  more  than  in  any  other  part  of 
the  Devonian,  fossils  are  the  chief  basis  for  correlation.  The 
sequence  of  limestones,  limy  shales  and  shaly  limestones  could  never 
have  been  properly  analyzed  into  its  component  parts  and  the  correla- 
tion of  these  parts  determined  across  the  State  were  it  not  for  their 
characteristic  fossils.  In  the  Helderberg,  zoning  of  the  fossils  has 
proved  applicable  to  a greater  degree  than  is  usual  in  the  higher 
Devonian.  Considering  the  Devonian  as  a whole,  the  chart  presented 
in  Figures  93,  65,  40,  36,  29,  17,  serve  to  show  tlie  major  problems 
of  correlation. 

Ill  Figures  87,  88,  90  and  91  are  shown  fifteen  transverse  sections. 
The  location  of  each  is  indicated  in  the  appended  key  map  Figure 
86.  It  wiil  be  observed  that  each  section  covers  practically  the  en- 
tire Devonian  secpieiice,  for  they  have  been  selected  in  regions  where 
it  is  usually  possible  to  begin  with  the  Helderberg  and  continue  into 
or  through  the  Catskill.  Incomplete  sections  are  therefore  eliminated 
as  far  as  practicable.  Such  sections,  for  example,  as  those  dealing 
with  the  Catskill  facies  in  northeastern  and  north-central  counties 
are  to  be  found  in  their  appropriate  place  in  Chapter  VIII.  Like- 
wise, ill  the  foregoing  chapters  will  be  found  details  of  correlation  of 
groups  or  lesser  units  that  could  not  be  preserved  here  in  a general 
review. 

The  transverse  sections  are  drawn  in  each  ease  as  nearly  as  possible 
perpendicular  to  the  strike.  A certain  degree  of  generalization  could 
hardly  be  avoided  in  the  relatively  small  scale  necessarily  employed. 
A vertical  exaggeration  of  thrice  the  horizontal  scale  was  adopted  as 
best  fitting  the  entire  group  of  sections.  Some  details  have  been 
omitted,  such  as  most  of  the  divisions  of  the  Catskill,  minor  Portage 
elements,  the  Hamilton  faunal  facies,  and  the  integral  parts  of  the 
Helderberg.  Major  structures  are  shown,  but  minor  flexures  and 
faidts  are  omitted.  A strict  adberence  to  thicknesses  could  not  be 
followed,  since  certain  important  units  had  to  be  shown  which,  if 
drawn  to  scale,  would  have  become  microscopic  in  the  figures. 

The  fifteen  sections  are  grouped  in  two  series.  Sections  1-7  com- 
prise the  first  or  eastern  series ; sections  8-15  make  up  the  second 
or  northern  series.  The  eastern  series  commences  with  a section  in 
southeastern  Monroe  County  and  continnes  along  the  valley  between 
Kittatinny  and  Second  Mountain  or  its  equivalent,  to  the  lower  Sus- 
quehanna Valley.  As  a continuation  westward  a section  in  the  lower 
Juniata  Valley  is  added.  The  northern  series  is  principally  of  sec- 
tions obtained  at  or  near  the  Allegheny  Front.  Beginning  in  east- 
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central  Bedford  County,  these  sections  follow  the  curve  of  the  Front 
and  the  mountain  ares  north  and  northeast  into  Lycoming  County. 
Two  sections  to  the  southeast  show  conditions  in  the  Susquehanna 
Valley  at  the  forks  and  in  Columbia  County.  These  last  are  more  or 
less  intermediate  between  the  eastern  and  northern  series. 


Eastern  Series 

Section  1,  Ij)  odJicad  Crcch. — The  easternmost  section  of  the  eastern 
series  is  the  Brodhead  Creek  section.  This  lies  in  southeastern  Mon 
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1 Brodhead  Creek 

2 Saylorsburg 

3 Lehigh  River 

4 Schuylkill  River 

5 Swa+ara  Creek 

6 Lower  Susquehanna 

7 Juniata  River 

8 Eichelbergertown 

9 Everett 

10  Altoona 

11  Huntingdon 

12  Pine  Creek 

13  Larrys  Creek 

14  Selinsgrove  Junction 

15  Bloomsburg 

i 


Figure  86.  Key  map  showing  locations  of  geologic  cross-sections  depicted 

in  Figures  87,  88,  90,  and  91. 


KEY  TO  SIVMBOLS  IN  ('ROSS  SEC'TIONS.  FKiURES  87,  88,  90  AND  91. 
Trdr=Triassic  diabase 


Ppv=Pottsville 
i\Iinc=iMauch  Chunk 
iMp=Pocono 

Dk=undilferentiated  f’atskill 
Dkcr=Cherry  Ridge 
Dkh=iHonesdale 
Dkd=zDamascus 
Dkdr=  Delaware  River 
Dka— Aualomiuk 
Deh=Chemung 
D23=uiidiffereiitia'ted  Portage 
J)pph=I’arkliea  d 
Dptr=Trinnuers  Rock 
Dpbr=zRrallier 
Dplr=Losh  Run 


Dphl=  Harrell 
D])l)k=Burket 
Dpl=Laurens 
I)t=Tully 

Dh=undit¥erentiated  Hamilton 

l)liint=Maliautango 

Dhmb=. Montebello 

Dni=iMarcellus 

Don=()nondaga 

De=Esopus 

Do— Oriskany 

Dhb— llelderberg 

S=undifferentiated  Silurian 

Sbv=Bossardsville 

Ston=I'onoloway 

Sb=I!loomsburg 


roe  County.  Beginning  at  Godfrey  Ridge  due  south  of  Stroudsburg, 
it  runs  north  through  that  town  and  so  up  the  valley  of  Brodhead 
Creek  to  the  village  of  Analomink.  Godfrey  Ridge  itself  presents 
some  interesting  problems.  South  of  Stroudsburg  the  section  shows 
it  to  be  an  anticline  capped  by  the  Esopns  sandy  shale.  The  south 
slope  of  this  ridge  is  steeper  than  the  dip  of  the  underlying  beds,  so 
that  from  the  bottom  up  the  Helderberg,  Oriskany  and  Esopus  suc- 
cessively crop  out.  The  highly  sheared  Esopus  is  exposed  across  the 
top  and  dips  suddenly  down  at  the  north  side,  only  to  rise  again  in 
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a small  syneline  in  ivhieli  rests  a slice  of  Onondaga  (Buttermilk 
Falls)  cherty  limestone.  Folds  of  less  amplitude  follow,  but  subside 
northward.  The  Onondaga-Mareellus  transition  has  been  seen  on 
McMichaels  Creek  in  Stroudsburg.  A fairly  uniform,  gentle  dip 
carries  the  succeeding  Hamilton  and  Portage  units  under  ground 
northward  until  the  Analomink  red  shale  and  succeeding  Delaware 
River  flags  are  encountered  about  Analomink,  at  wdiich  point  the 
section  ends.  Significant  points  are  the  thick  Esopus  and  Butter- 
milk Falls  formations  (here  a maximum  for  the  State),  the  excep- 
tionally thick  Marcellus,  and  the  nearly  undifferentiated  marine 
Portage.  The  Centerfield  coral  reef  is  here  a prominent  feature  of 
the  Hamilton  group,  and  shows  well  in  the  Brodhead  Creek  section. 
Lithologically,  the  Portage  is  similar  sandstone  throughout,  but  at 
its  base  the  Laurens  with  Hypothyridina  venustula  is  faunally  iden- 
tified. More  than  one-half  of  the  beds  of  Portage  age  belong  to  the 
Catskill  continental  facies. 

The  structure  of  Godfrey  Ridge  should  be  further  noted.  Only  a 
mile  or  two  east  of  the  figured  section,  Brodhead  Creek  as  it  turns 
south  into  the  Delaware  has  cut  across  the  ridge  in  a miniature 
water  gap.  Along  the  west  bank  of  the  creek  the  anticlinal  structure 
of  the  ridge  may  be  observed.  Directly  across  the  creek  in  a succes- 
sion of  cuts  on  the  Erie  (formerly  the  New  York,  Susquehanna  and 
Western)  Railroad,  these  beds  are  in  regular  sequence  and  all  dip 
steeply  north.  Apparently  the  gap  of  Brodhead  Creek  follows  a tear 
fault.  West  of  it  the  strata  are  up-arched;  east  of  it  they  are  merely 
tilted  steeply  north.  As  sections  farther  west  are  described,  the 
structures  encountered  along  Godfrey  Ridge  or  corresponding  ridges 
will  be  noted.  Apparently  there  is  in  this  portion  of  the  sections  a 
band  or  zone  of  dislocation  from  the  Delaware  to  the  Susquehanna. 

Section  2,  Saylorshurg. — ^Section  2 lies  in  south-central  Monroe 
County.  It  commences  on  Chestnut  Ridge,  the  western  continuation, 
topographically,  of  Godfrey  Ridge,  and  runs  north  past  iSaylorsburg, 
crosses  the  eastern  end  of  Wier  Mountain,  then  is  off-set  to  the  west 
beyond  Brodheadsville,  and  runs  on  north  again  through  Effort  to 
the  crest  of  the  Poeono  Plateau,  here  called  Pohopoeo  Mountain. 
Chestnut  Ridge  is  of  surprisingly  different  stratigraphic  constitution 
from  Godfrey  in  .Section  1.  Along  its  south  slope  the  Upper  Silurian 
Tonoloway  or  Bossardsville  (“ribbon”)  limestone  is  exposed  in 
abandoned  quarries.  The  top  of  the  ridge  is  relatively  broad  and 
flat,  and  near  the  south  edge  of  the  crest  adjacent  to  the  more  or 
less  crumpled  limestone,  an  ancient,  abandoned  iron  pit  shows  the 
presence  of  the  Oriskany.  Clearly,  the  Tonoloway  is  up-thrust 
against  this  sandstone,  and  the  Helderberg  is  cut  out.  An  Oriskany- 
like  sandstone  forms  the  northern  edge  of  the  crest.  This  is  taken  to 
be  a representative  of  the  Bowmanstown  and  Palmerton  cherts  and 
sandstones  found  to  the  west  and  occupying  part  of  the  Esopus. 
These  bedis  have  often  been  confused  with  the  Oriskany,  and  their 
true  identity  has  only  recently  been  demonstrated.  A sandstone  in 
a railroad  cut  south  of  Saylorsburg  and  on  the  strike  of  this  ridge 
is  supposed  to  be  the  same.  There,  its  Oriskany-like  nature  is  ap- 
parent, but  its  barrenness  is  eloquent,  though  negative  evidence  for 
its  correlation  with  the  higher  beds. 
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Unconsolidated  sediments  oceniiy  the  valley  north  from  Saylors- 
bnrg,  bnt  AYier  Mountain  syneline  shows  many  exposures.  Correla- 
tion with  the  Hamilton  in  Section  1 is  etfected  by  the  exceptionally 
fine  development  of  the  Centerfield  coral  reef  on  the  south  limb  of 
this  fold.  In  this  section  differentiation  of  the  Portage  goes  a step 
farther  than  to  the  east.  The  Bnrket  black  shale  now  overlies  the 
VituUna  zone  at  the  top  of  the  Hamilton.  Laurens  or  Tully,  I have 
not  certainly  found  here,  bnt  a sparce  Naples  fanna  in  the  shale  above 
the  Bnrket  indicates  perhaps  a trace  of  Harrell  shale.  The  Trimmers 
Rock  sandstone  fills  in  the  rest  of  the  syneline  in  Section  2,  but  at 
this  point  the  fold  is  of  insuffieient  depth  to  embrace  the  Catskill, 
albeit  the  red  beds  are  encountered  on  the  crest  of  AVier  Alountain 
westward  toward  the  Carbon  County  line. 

South  of  Effort  the  Trimmers  Rock  again  comes  down,  and  its 
fossiliferous  beds  continue  north  beyond  the  town,  where  a red  zone 
is  correlated  with  the  Analomink.  Here,  the  Portage  sandstones 
above  this  red  band  show  some  marine  fossils,  indicating  a westward 
transition  from  continental  to  salt-water  facies.  In  this  section  the 
secpience  includes  higher  beds  than  Section  1 and  so  includes  the 
massive,  gray  Honesdale  sandstone  of  late  Devonian  age  and  Catskill 
facies  which  here  supports  the  lip  of  the  Poeono  Plateau. 

Section  3,  Lehigh  River. — Along  the  Ijehigh  River  from  a point 
opposite  (west  of)  Palmerton,  north  through  Lehighton  and  Packer- 
ton  to  the  crest  of  Mauch  Chunk  Ridge  south  of  the  town  of  Mauch 
Chunk,  Section  3 has  been  drawn.  Two  small  sandstone  ridgs  rise 
at  its  southern  end,  and  between  them  Lizard  Creek  runs  east  into 
the  Lehigh.  The  southern  ridge  is  a somewhat  distorted  syneline 
composed  chiefly  of  sandstones  Avhich  I consider  to  be  of  Esopus  age 
Avith  perhaps  some  Oriskany  at  the  bottom.  These  sandstones  are 
the  Palmerton  and  BoAvmanstoAvn  members  recently  recognized  and 
described  from  this  region  by  Swartz  and  Swartz.  The  underlying 
Oriskany  rises  in  Stone  Ridge,  the  ridge  north  of  Lizard  Creek,  and 
there  produces  a characteristic  “rock  city.”  It  dips  steeply  south, 
and,  at  its  northern  base  on  the  Lehigh  Ahalley  Railroad,  is  faulted 
against  fossiliferous  Marcellus  black  shale. 

This  Lehigh  Valley  section  embraces  the  region  of  the  Onondaga 
paint  ore,  bnt  the  ore  is  not  shoAvn  to  advantage  in  the  chosen  section 
as  draAvn  Avest  of  the  riA^ei".  In  a still  more  structurally  complex 
section  north  from  Palmerton  through  Stony  Ridge  east  of  the  riA^er, 
the  Onondaga  paint  ore  overlies  the  sandstones  of  Esopus  age.  In- 
termediate stations  betAveen  Sections  2 and  3,  particularly  in  the 
vicinity  of  Little  Gap  and  KunkletoAV]i,  shoAV  complex  structures 
along  this  belt  of  Lov^er  and  loAver  Middle  DeA’onian  strata.  Both 
folding  and  faulting  obtain,  and  the  faulting  cuts  out  uoav  one  and 
noAV  another  unit. 

The  syneline  that  produces  AVier  Mountain  to  the  east,  continues 
across  the  Lehigh  betAveen  BoAAunanstoAvn  and  Lehighton  and  there 
underlies  a belt  referred  to  as  the  Mahoning  Hills.  It  is  of  sufficieni 
depth  to  bring  doAvn  the  loAver  red  beds  of  the  Catskill.  In  the  sec- 
tion across  this  structure  the  upper  Ilamilton-loAver  Portage  relations 
are  determined  by  a feAV  feet  of  Tully  limestone  north  of  BoAvmans- 
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town,  and  there  are  a few  feet  of  barren,  dark  shale  correlated  with 
the  Burket  on  lithology  and  relative  position  alone.  The  Centerfield 
reef  is  again  encountered,  but  interiorly  developed,  on  the  north 
hank  of  the  fold.  Here  and  north  of  Lehighton  the  Trimmers  Rock- 
Delaware  River  sequence  is  exposed.  The  Analomink  has  not  been 
recognized,  but  measurements  of  thickness  indicate  that  a still  larger 
proportion  of  the  continental  beds  of  Portage  age  has  gone  over 
into  the  marine  facies,  while  the  total  thickness  of  the  Portage  is 
slightly  less  than  in  Monroe  County. 

In  the  northern  end  of  Section  3 are  illustrated  the  Honesdale- 
Pocono  relations.  In  Mauch  Chunk  Ridge,  the  mountain  south  of 
Mauch  Chunk  which  westward  is  called  Second  Mountain,  the  strata 
stand  nearly  vertical.  This  mountain  is  double-crested.  The  section 
shows  how  the  northern  crest  is  Pocono-supported,  the  southern  up- 
held by  the  Honesdale.  Red  beds  intervene.  Projecting  the  Hones- 
dale  east  across  the  river  along  its  strike,  it  can  thence  be  traced 
along  the  edge  of  the  Pocono  Plateau  for  many  miles.  Not  only  can 
its  correlation  be  established  upon  topographic  evidence,  but  the  rock 
itself  makes  a nearly  continuous  outcrop,  often  as  bold  cliffs  along 
the  escarpment.  The  double-crested  feature  of  Mauch  Chunk  Ridge 
is  observable  westward  in  Second  Mountain  clear  to  the  Susquehanna 
Valley,  and  is  an  important  means  of  correlating  the  Honesdale  and 
associated  Catskill  units,  notably  the  overlying  Pimple  Hill  or  related 
reddish  conglomerates. 

Section  4,  Schuylkill  Valley. — The  fourth  transverse  section  of  the 
eastern  series  has  been  drawn  in  the  Schuylkill  Valley.  This  section 
commences  in  a small  ridge  beyond  the  valley  of  Bear  Creek  south 
from  Auburn  and  runs  north  via  Landingville  and  Schuylkill  Haven 
to  the  river  and  then  up  stream  through  Second  Mountain  to  Sharp 
IMountain  south  of  Pottsville. 

The  lowest  beds  at  the  south  end  are  sandstone  called  Oriskany, 
but  possibly  including  some  assignable  to  the  Esopus.  Moreover, 
when  these  beds  again  crop  out  to  the  north,  there  is  sandstone 
betwixt  the  Oriskany  and  the  Onondaga  (Selingsgrove)  limestone. 
In  Bear  Creek  valley,  the  Onondaga  and  Marcellus  are  concealed. 
In  fact,  the  next  beds  exposed  above  the  Oriskany  are  the  middle 
jMahantango.  These  are  highly  fossiliferous  and  probably  are  to  be 
classed  as  Ludlowville.  The  Centerfield  is  doubtfully  recognized.  A 
Vitulma  pustnlosa  zone  tops  the  Hamilton  in  this  section,  and  is  suc- 
ceeded by  shalj^  beds  with  Tully  fossils  and  these  by  Burket  black 
shale.  The  remaining  Portage  here  appears  to  be  entirely  Trimmers 
Rock  and  is  followed  by  Catskill  red  beds  whose  base  should  be  very 
early  Chemung  or  latest  Portage.  Additional  Tully  found  in 
Schuylkill  County  is  west  of  this  section.  The  Devonian  sequence  is 
well  exposed  in  the  eastern  end  of  Swatara  Hill  syneline  which 
pinches  out  eastward  near  Landingville. 

Schuylkill  Haven  partly  occupies  the  western  end  of  a northward- 
overturned  anticline  which  brings  up  the  red  Silurian  shales  (Blooms- 
burg).  South  of  the  town  the  Helderburg,  Oriskany,  Esopus, 
Onondaga  and  Marcellus  are  all  exposed  and  appear  to  be  quite 
normal  except  that  the  Helderberg  is  thin.  This  thinning  is  interest- 
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ing  in  consideration  of  the  total  absence  of  the  Helderberg  farther- 
west.  Here  as  in  all  sections  to  the  east  the  Oriskany  consists  only  of 
Ridgeley  sandstone.  Although  cherty  strata  may  be  found  among 
these  sands,  the  fauna  is  strictly  Ridgeley,  according  to  Cleaves,  and 
so  excludes  all  possibility  of  the  presence  of  true  Shriver.  The 
Esopus,  be  it  observed,  is  here  essentially  the  gritty  shale  of  south- 
eastern Monroe  County,  and  the  Onondaga  limestone  is  now  clearly 
the  non-cherty  Selinsgrove  formation  rather  than  the  cherty  Butter- 
milk Falls  limestone  of  extreme  eastern  exposures. 

North  from  Cressona  along  the  Reading  Railway  the  Portage  sand- 
stone passes  into  Catskill  red  beds  with  no  trace  of  Chemung.  The 
markedly  double-crested  top  of  Second  Mountain  shows,  even  better 
than  in  Section  3 below  Mauch  Chunk,  the  dual  topographic  expres- 
sion of  the  Pocono  and  Honesdale.  In  this  section,  for  comparison, 
the  sequence  has  been  run  through  to  the  Pottsville  conglomerate  of 
Sharp  Mountain,  so  including  the  Mauch  Chimk  red  shales  which 
underlie  the  valley  of  Tumbling  Run. 

Section  5,  Swatara  Creek. — ^Starting  on  the  north  flank  of  Kitta- 
tinny  Mountain  in  line  of  strike  of  the  valley  between  that  ridge 
and  Swope  Mountain  to  the  north,  a section  was  constructed  north 
along  Swatara  Creek  through  Green  Point.  Here  the  stream  valley 
turns  abruptly  east,  but  the  section  continues  north  across  Second 
Mountain. 

In  this  section  all  the  beds  are  overturned  north  so  that  the  dip 
is  steeply  south.  The  section  is  free  of  important  folds,  and  so  is 
relatively  short.  At  the  base,  to  the  south,  a little  Selinsgrove  lime- 
stone overlies  a barren  sandstone  that  overlies  the  Bloomsburg  red 
shale  of  the  Silurian  with  no  trace  of  the  Upper  Silurian  Tonoloway 
bmestone  between  them.  The  identity  of  the  Onondaga  limestone  is 
established  on  lithology,  fauna  and  stratigraphic  position  directly  be- 
neath fossiliferous  Marcellus  black  shale.  That  of  the  sandstone  is  in 
doubt.  Lithologically,  it  suggests  the  Oriskany.  Indeed,  when  I first 
studied  this  section  I assumed  it  to  be  that  sandstone,  but  subsequent 
observations  have  changed  my  interpretation.  Cleaves,  too,  reports 
adversely  upon  such  a designation.  As  the  sandstone  appears  to  be 
conformable  with  the  Onondaga  limestone,  the  presumption  based 
upon  elimination  of  other  probable  correlations  is  that  this  is  either 
the  Esopus  or  a stray  bed  in  the  uppermost  Silurian.  It  is  rather 
greenish,  and  it  will  be  recalled  that  the  sandstones  of  the  Esopus 
at  the  Lehigh  are  not  positively  recognized  west  of  the  Schuylkill. 
Swartz  and  Swartz  believed  this  sandstone  to  be  Silurian,*  but  the 
evidence  seems  to  be  negative  to  whichever  system  it  be  assigned. 
Neither  here  nor  in  the  neighborhood  have  either  Oriskany  or  Helder- 
berg been  found,  so  that  a fault  is  postulated  beneath  the  sandstone  if 
it  is  Esopus,  above  it  if  it  be  Silurian  in  age.  Nevertheless,  the  possi- 
bility of  an  unconformity  here  is  important,  and  cannot  be  denied. 
This  relationship  has  been  discussed  in  describing  the  Hamilton  group 
on  the  Susquehanna,  particularly  at  Rockville. 

In  our  sections  to  the  east,  the  Hamilton  group  is  largely  shale 
and  sandy  shale,  and  so  produces  no  prominent  topographic  heights. 


* Geol.  Soc.  Am.  Bull.,  Vol.  42,  1931,  P.  635. 
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But  Swope  Mountain  is  a sliarp  little  ridge  composed  of  beds  of 
i\Ialiantango  age.  Herein  is  the  easternmost  topographic  expression 
of  the  Montebello  sandstone  which  near  here  begins  to  displace  the 
shales  of  the  upper  Hamilton  of  post-Marcellus  age.  We  shall  see 
that  its  prominence  grows  westward.  Swope  Mountain  is  the  eastern 
continuation  of  Little  Mountain,  which,  at  Kockville,  consists  entirely 
of  the  Montebello  sandstone  facies. 

Little  more  need  be  mentioned  of  Section  5 except  to  point  out  that, 
owing  to  thinning  of  the  Plonesdale,  the  southern  crest  of  Seconil 
Monntain  has  dwindled  proportionately.  AVith  the  Honesdale  gray  or 
greenish  beds  are  associated  slightly  younger,  reddish  conglomerates. 
These  together  produce  this  ridge  remnant.  Still,  no  Chemung  fossils 
have  been  found  above  the  marine  Portage. 

Section  6,  Lower  Susquehanna  River. — Along  the  lower  Sns(iue- 
hanna  River  north  of  Harrisburg,  a good  Devonian  section  is  exposed. 
The  figure  illustrates  this  as  if  drawn  along  the  west  bank  from  the 
flank  of  Kittatinny  Mounfain  norfh  through  Marysville  to  Second 
Mountain.  Actually,  it  has  been  somewhat  supplemented  by  data  from 
the  east  side,  particularly  about  Rockville.  Like  Section  5,  there  are 
no  prominent  folds,  so  that  the  over-all  length  is  reduced,  compared 
to  some  of  the  eastern  sections. 

In  the  valley  separating  Kittatinny  from  Little  Mountain,  the 
Bloomsburg  red  shale  of  the  Silurian  and  the  black  Mareellus  shale 
are  exposed,  almost  in  contact.  This  relationship  has  been  discussed 
fully.  In  the  figure  a hypothetical  fault  is  introduced.  Little  Mountain 
across  central  Dauphin  and  southeastern  Perry  County  is  the  topo- 
graphic expression  of  the  Montebello  sandstone  and  serves  to  trace 
it  east  and  west.  Key  beds  or  faunal  zones  are  none  too  clear  in  this 
coarsely  sandy  Hamilton,  but  the  succeeding  thin  shale  of  Moscow 
age  carries  a Vitulina  ijustulosa  zone  at  its  top.  About  50  feet  of  shale 
of  Tully  age  overlies  the  Hamilton.  The  Portage  is  curiously  thin. 
For  such  an  anomylous  condition,  ivlien  contrasted  with  the  same 
group  fifteen  miles  north,  an  explanation  has  beeii  suggested.  Consid- 
ering that  the  beds  in  this  section  are  overturned  north  but  have 
suffered  little  folding  and  that  because  of  this  attitude  the  massive 
Alontebello  sandstone  has  come  to  overlie  the  less  massive  Portage, 
it  is  not  improbable  that  faulting,  obscured  in  the  relatively  poor 
Portage  exposures,  has  reduced  the  thickness  of  the  group.  Burket, 
Brainier  and  Trimmers  Rock  are  present. 

This  is  the  westernmost  section  from  which  the  Chemung  is  ex- 
cluded and  absent.  The  Honesdale  is  now  reduced  to  a few  feet  of 
greenish  sandstone  which  is  the  chief  underlying  cause  of  Pine 
Ridge,  a small  hill  concentric  to  Cove  Mountain,  itself  formed  in 
Pocono  sandstone  north  of  Marysville. 

Section  7,  Ijower  Jiuikita  River. — Along  the  lower  Juniata  River, 
starting  in  fact  on  the  (Susquehanna  a mile  or  so  below  its  confluence 
with  the  Juniata,  and  proceeding  up  the  Juniata  to  its  water  gap 
through  Half  Palls  Mountain,  is  the  finest  Devonian  section  in  Penn- 
sylvania. This  has  been  discussed  by  Cleaves  and  me  (258)  in  much 
more  detail  than  can  be  here  devoted  to  it,  and  the  reader  is  referred 
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to  our  Bulletin  on  this  topic  for  more  information  on  this  section  than 
can  be  given  now.  The  following  summary  is  based  upon  that 
Bulletin. 

In  order  to  conform  to  the  description  of  foregoing  sections  to  the 
east,  which  start  with  the  oldest  beds  to  the  south,  I shall  begin  the 
descrijition  of  Section  7 from  the  north  because  there  the  oldest  beds 
reach  the  surface. 

Half  Palls  Mountain  is  an  anticlinal  ridge  which  has  been  broken' 
near  the  axial  plane  by  at  least  two  small,  nearly  vertical  fault  sur- 
faces. The  massive  Montebello  sandstone  rises  in  a great  arch.  Be- 
neath its  protective  cover,  older  beds  appear.  The  barren  Mareellus 
black  shale  is  recognized  by  its  stratigraphic  position  and  lithology 
where  well-exposed  in  a quarry  on  the  south  limb.  It  overlies  there 
the  Selinsgrove  limestone  which  in  turn  may  rest  directly  upon 
the  Ridgeley  sandstone,  since  there  is  little  evidence  for  believing 
the  Esopus  or  Needmore  to  be  here  present,  although  it  does  occur 
in  Perry  County.  'Cleaves  reports  no  Shriver  here,  and  indeed  in 
a small  cave  at  the  foot  of  the  mountain,  the  Ridgeley  sandstone  is 
in  contact  with  cherty  lielderberg  limestone.  Prom  the  limestone  I 
personally  have  collected  Eospirifer  ma-cropleurus.  ■ This  bit  of  the 
New  Scotland  formation  is  the  oldest  rock  in  the  section. 

Proceeding  south  from  Half  Palls  Mountain,  the  Montebello  sand- 
stone is  again  encountered  in  Mahanoy  Ridge.  The  great  Pemy  County 
thrust  fault  separates  Mahanoy  Ridge  from  the  south  slope  of  Half 
Palls  Mountain.  It  has  a throw  of  upwards  of  1000  feet,  and  has 
served  to  bring  up  the  Montebello  a second  time  in  a long,  narrow 
fault  block  running  west  far  into  central  Perry  County.  Southward, 
the  section  rises  steadily.  Shale  in  the  upper  jiart  of  the  Mahantango 
above  the  Montebello  sandstone  contains  in  its  uppermost  part  the 
usual  Vitulina  pustiilosa  zone,  making  the  top  of  the  Hamilton  group 
easily  distinguishable.  A magnificent  Portage  sequence  follows. 

The  base  of  the  Portage  directly  overlying  the  Vitulina  zone  of  the 
highest  Hamilton  of  Moscow  age,  is  the  Tully.  This  member  is 
known  eastward  in  Schuylkill  and  Carbon  Counties,  and  I commented 
upon  the  Laurens  in  Monroe.  Here,  on  the  Juniata,  for  the  first 
time  is  limestone  as  well  as  shale  carrying  not  only  the  Tully  guide 
fossil,  Ilypothyridina  veniistula,  but  a plentiful  fauuule  replete  in 
Tully  elements  or  associations.  Nearly  barren,  black  Burket  shale 
follows ; then  more  or  less  sandy,  gray  to  greenish  shale  and  thin- 
bedded  sandstones.  This  latter  carries  Naples  fossils  and  is  correlated 
thereby  with  the  Harrell,  but  is  thought  by  its  color  to  represent  also 
the  “fag-end”  of  the  Brallier.  The  section  next  exposes  the  Losh 
Run  shale,  truly  a faunal  zone  rich  in  B.eticulariu  Icevis.  This,  I ob- 
served before,  is  a splendid  key  bed  as  its  lithology  and  fauna  are  both 
distinctive,  and  it  is  widely  spread  through  the  lower  valleys  of  the 
Susquehanna  and  Juniata.  Immediately  under  the  Losh  Run  shale 
(north  in  section)  the  beds  have  been  folded  in  one  of  the  most 
complex  bits  of  flexural  structures  to  be  seen  in  the  Devonian  in 
Pennsylvania  (Pigure  89). 

The  succeeding  Trimmers  Rock  sandstone  needs  but  a passing  com- 
ment. Its  Ithaca  fauna,  that  is,  sandy  facies  Portage  invertebrates, 
is  abundant  and  distinctive.  At  its  top  are  a few  feet  of  rather 
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heavy,  chocolate-colored  beds  whose  few  fossils,  coupled  with  its 
stratigraphic  position,  place  it  (questionably)  in  the  Parkhead. 
Section  7 is  approximately  at  the  eastern  limit  of  the  Chemung. 
'‘Spirifer”  disjiuictus  appears  first  in  thin  green  shales  interbedded 
with  red  beds  above  the  supposed  Parkhead,  and  recurs  some  hun- 
dreds (rf  feet  higher  in  the  thin  King’s  Mill  white  sandstone  and  the 
bro\\ii  Delville  beds.  From  here  west  and  northwest  the  Chemung 
fauna  appears  in  an  ever-thickening  wedge  driven  between  the 
Portage  and  Catskill.  The  Catskill  on  the  lower  Juniata  is  without 
important  elements,  barring  the  recurrent  Chemung  faunules.  A 


Plwtoijmpli  hp  George  H.  Ashlep 

Figure  89.  Highly  contorted  Portage  sandy  shales  on  Juniata  River  south 
of  Half  Falls  Mountain,  Perry  County. 

lemnant  of  the  Ilonesdale  is  retained  and  torms  a shelf  or  bench  along 
the  north  side  of  Peters  Mountain  east  of  tlie  Susquehanna  River 
opposite  Duncannon.  A Triassic  sill  or  dike  cuts  the  (Atskill  north 
of  Amity  Hall,  but  it  is  thin  and  of  no  correlative  value. 

Northern  Series 

bectiO'H  S,  Everett. — Turning  now  from  the  eastern  series  to  the 
northern,  I shall  commence  the  discussion  with  a section  drawn  east- 
we.st  through  Everett  in  east-central  Bedford  County.  Beginning 
at  the  west  side  of  M arrior  Ridge  west  of  Everett,  the  section  runs 
east  along  the  Raystown  Branch  of  the  Juniata  River  for  about  six 
miles. 

Warrior  Ridge  is  supported  by  the  Oriskany.  composed  of  both 
Ridgeley  sandstone  and  Shriver  chert.  These  formations  are  here 
differentiated  on  the  dual  evidence  of  lithology  and  characteristic 
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faunal  elements.  Tlie  Ilelderberg  is  exposed  west  of  the  ridge.  In 
this  part  of  Pennsylvania  the  Onondaga  is  practically  all  shale  with 
little  or  no  limestone  except  locally  at  the  top.  It  is  the  Needmore 
shale,  cited  in  an  earlier  chapter  of  this  bulletin.  Dark  when  fresh, 
the  Needmore  must  often  be  separated  from  the  succeeding  Marcellus 
by  its  fauna,  of  which  Anoplotheca  aciUiplic-aia  is  an  outstanding  and 
abundant  fossil.  In  south-central  Pennsylvania  the  klarcellns  is  fis- 
sile, black  shale,  but  is  more  fossiliferons  than  is  usual  in  the  east. 
The  fauna,  characteristic  as  a whole,  must  be  used  with  circumspec- 
tion here  and  increasingly  so  northward  because  these  fossils  recur 
in  fissile,  black  shale  among  the  non-fissile  gray  or  brown  shales  of 
tlie  lower  part  of  the  Mahantango  formation.  The  shaly  Mahantango 
is  abundantly  fossiliferons.  In  Bedford  County  it  is  divisible  by  a 
median  sandstone  into  three  nearly  equal  parts.  Locally,  rather 
definite  faunal  zones  are  observable.  The  absence  of  what  might  be 
normally  construed  as  the  equivalent  of  the  Moscow  facies  was  men- 
tioned as  indicative  of  an  hiatus  in  these  parts.  Because  of  this  con- 
dition, no  Vitulina  pustulosa  zone  occurs  in  the  top  beds  of  the 
Hamilton,  and  lithology  and  the  appearance  of  the  lowest  Portage 
fauna  must  therefore  determine  the  top  of  the  group. 

The  Portage  in  the  Everett  section  is  ushered  in  by  the  Burket 
black  shale.  It  lies  directly  upon  the  Hamilton  with  no  vestage  of 
Tully  here.  Harrell  shale  with  a Naples  faunule  follows.  The  rest 
of  the  Portage,  except  for  a little  pebbly  Parkhead  sandstone  at  the 
top,  is  greenish  Brallier  shale  with  little  sand.  The  Chemung  is  thick 
and  fossiliferons.  Its  base  is  recognized,  not  so  much  by  the  advent  of 
“ Spirifer”  disjnncfus,  which  is  exceptionally  rare  here,  but  by  the 
abrupt  invasion  of  quantities  of  “ Amhoccelia  gregaria.”  This  charac- 
teristic zone  is  Avide-spread  and  is  a recognized  feature  of  the  lowest 
Chemung  in  central  Pennsylvania  and  south-central  NeAV  York.  The 
literature  mentions  certain  Chemung  conglomerates,  particularly  in 
Bedford,  Blair  and  Huntingdon  counties.  There  is  no  question  of  their 
presence,  and  they  occasionally  are  of  sufficient  thickness,  durability 
and  areal  extent  to  produce  small  ridges  or  benches.  However,  I have 
found  them  all  so  similar  in  lithology  and  faunas  as  to  be  practically 
indistinguishable.  My  own  feeling  is  that  they  are  probably  too  len- 
ticular and  of  too  uncertain  identity  to  be  used  as  trustAvorthy 
key  beds. 

The  Catskill  here  began  to  form  about  middle  Chemung  time. 
Although  locally  undifferentiated,  it  is  important  to  remark  that  Avest 
and  nortliAvest  from  here,  in  some  sections  along  the  Allegheny  Front, 
one  observes  a cross-bedded,  greenish  sandstone  at  or  near  the  con- 
tact betAveen  the  red  beds  and  the  basal  Pocono  (“Berea”)  sand- 
stone and  conglomerate.  This  is  thought  to  be  a remnant  of  the 
Oswayo  of  north-central  Pennsylvania.  No  evidence,  lithologic  or 
topographic,  is  knoAvn  in  south-central  Pennsylvania  or  along  the 
Allegheny  Front  AAdiieli  Avould  lead  me  to  believe  that  the  Honesdale 
sandstone  extends  so  far  Avest. 

Section  9,  Eicticlhcrgerfown. — ^Seetio]i  8 is  in  east-central  Bedford 
County.  Section  9 has  been  drawn  through  EichelbergertoAvn,  in  the 
northeastern  part  of  that  county.  It  crosses  the  same  sequence  and 
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much  the  same  structures  as  does  Section  8,  but  is  shorter,  owing  to 
absence  of  folding  in  the  Catskill  at  the  eastern  end.  Starting  in  the 
Helderberg  and  Oriskany  west  of  the  village,  this  section  runs  east 
and  stratigraphically  up  to  the  Poeono  in  Saxton  Mountain. 

Although  the  Eiehelbergertown  section  is  not  far  from  that  at 
Everett,  it  has  several  features  that  are  different,  and  for  this  reason 
it  is  introduced  for  comparison.  The  Lower  Devonian  is  quite  like 


Figure  90.  Geologic  cross  sections,  generalized,  vertical  scale  exaggerated, 
at  Everett,  Eiehelbergertown,  Altoona  and  Huntingdon.  See  Figure  86  for 

key  to  localities  and  symbols. 

“N.  B.  “Dkd?”  in  the  Altoona  section  stands  for  Oswayo. 

that  of  the  Everett  succession,  as  too  are  the  Onondaga  and  IVIar 
eellus.  The  Mahantango  shows  a difference  in  that  the  middle  sand- 
stone of  the  southern  section  has  split.  Still  no  evidence  for  the 
presence  of  the  Moscow  is  known.  The  Portage  commences  with  a 
few  inches  of  true  Tully  limestone.  Recalling  that  this  is  absent  at 
Everett  and  observing  likewise  that  about  two  feet  are  known  at  Tates- 
yille  half  way  between  Everett  and  Eiehelbergertown,  the  gradual 
invasion  of  lime-depositing  Tully  wmters  may  be  visioned.  The  re- 
mainder of  the  section  needs  no  additional  comment  save  to  note  thai 
the  Parkhead  was  not  found,  nor  have  I recognized  any  beds  of 
Oswayo-like  lithology  at  the  top  of  the  Catskill. 


Section  10,  Alinnna.- — liutts  (22)  immortalized  the  Altoona  section, 
which  is  essentially  that  found  on  the  main  line  of  the  Pennsylvania 
Railroad  below  (lallitzin,  around  the  famous  Horseshoe  Curve,  and 
]>ast  Altoona.  In  this  classic  locality,  the  order  is  reversed  strati- 
yra})hieally  f]'om  the  Bedford  County  sections  in  that  the  higher  beds 
are  on  the  west.  As  one  climbs  the  Allegheny  Front,  the  regular 
stratigraphic  sequence  shows  in  ascending  order. 

Starting  from  the  east  end  of  Section  10  southeast  of  Altoona, 
near  the  headwaters  of  Beaverdam  Branch,  the  Helderberg  and  Oris- 
kany  are  observed.  Hamilton  exposures  are  poor,  but  immediately 
overlying  the  top  of  the  group  one  foot  of  limestone  reported  by 
Butts  represents  the  Tully.  This  section  runs  close  to  Burket,  the 
type  locality  for  the  black  shale  of  that  name.  A great  thickness  of 
the  Brallier  shale  is  seen  along  the  railroad.  Much  of  the  shale  is 
I'ather  sandier  than  in  some  neighboring  sections.  No  sure  identifica- 
tion of  the  Parkliead  has  been  made  here,  although  the  fauna  evidently 
i-uns  as  far  north  as  Huntingdon  County.  The  Chemung  i.s  thick, 
and  Chemung  faunules  recur  among  the  lower  red  beds  of  the  Cats- 
kill.  The  Catskill  carries  an  Oswayo-like,  cross-bedded,  greenish  sand- 
stone near  its  top. 

The  rocks  in  the  Altoona  section,  like  most  of  those  along  the  Alle- 
gheny Front,  dip  gently  west  or  northwest,  but  no  other  structures 
of  importance  appear  until  the  lower  end  is  reached,  where  the  beds 
are  folded,  (.'hemung  conglomerates  7nake  small  benches  on  the 
“Front”  in  this  region. 

Section  11,  H untingdon. — An  east-west  section  in  north-central 
Huntingdon  County,  immediately  south  of  Huntingdon  borough,  has 
been  prepared.  It  commences  in  AVarrior  Kidge  at  the  west  side  of 
AIcConnelstown,  and  runs  east  to  embrace  the  basal  Pocono  of  Ter- 
race Mountain. 

This  section  is  much  like  those  at  Everett,  Eichelbergertown  and 
Altoona,  but  differs  slightly  from  each.  The  Lower  Devonian,  com- 
monplace enough,  is  well  exposed  in  this  region.  The  Onondaga  is 
still  principally  shale,  but  the  Mareellus  now  begins  to  carry  thin 
beds  of  limestone  or  rows  of  limestone  nodules.  Thin  sandstones  split 
the  remaining  Hamilton  shale.  There  is  no  known  Tully  in  this  region. 
In  the  section  drawn,  the  Hamilton  and  Burket  make  contact,  Har- 
rell and  Brallier  follow.  The  upper  half  of  the  Portage  is  assignable 
on  both  lithology  and  fauna  to  the  Trimmers  Rock  sandstone.  It  will 
be  recalled  that  this  sandstone  is  absent  in  Bedford  County,  but  that 
the  Brallier  at  Altoona  is  sonievliat  arenaceous.  Near  Huntingdon,  the 
Portage  shows  the  incursion  of  sand  over  mud  facies.  The  higher 
beds  of  Section  11  need  no  discussion,  although  the  thick  Chemung 
carries  several  conglomerates  of  moderate  prominence,  one  of  which 
supports  Allegrippis  Ridge. 

Section  12,  Pine  Creek. — Sections  in  Clinton  and  Centre  counties 
proved  too  incomplete  for  use  in  this  chapter.  Their  main  interest 
lies  in  an  increasing  development  of  the  Tully  limestone  and  the  rare 
presence  of  a YituUna  pustulosa  zone  at  the  top  of  the  Hamilton, 
indication  that  group  to  be  here  once  more  complete.  However,  when 


I ) i;\  ( )M AX  ( OKKELATIOXS 


:i27 


attention  is  shitted  northeast  into  Lyeoinin”-  County,  some  excellent 
data  are  obtained.  Two  sections  (numbers  12  and  18)  have  therefore 
been  prepared.  Section  12  follows  the  valley  of  Pine  Creek  west 
of  Jersey  Shore  and  is  nearly  on  the  Lycoming-Clintou  county  line. 
The  older  beds  are  to  the  south  along  the  north  side  of  the  Susque- 
hanna River.  The  highest  beds  recorded  ai-e  to  the  north  in  Short 
Mountain  composed  of  Pocono  sandstone. 

Structurally,  the  Pine  Creek  section  is  the  most  complex  in  eithei' 
the  eastern  or  northern  series.  In  fact,  in  the  general  region  occupied 
by  the  Lower  and  Middle  Devonian  from  Lock  Haven  to  'Williams- 
port, both  folding  and  fairlting  appear  considerably  to  have  disturbed 
the  orderly  sequence.  Glacial  drift  and  outwash  obscure  so  much  that 
the  limited  hints  of  structures  tantalize.  In  the  Pine  Creek  section, 
however,  the  exposures  of  the  structures  and  the  stratigraphic  se- 
quence are  exceptionally  complete. 

The  southern  end  of  this  section  is  drawn  across  the  Avestern  ends 
of  two  small  hills  supported  by  ITelderberg  limestone.  These  are 
an  instance  of  an  anomaly  Avhicli  recurs  continually  from  P>lair 
County  to  Columbia  County.  As  often  as  not,  the  llelderberg  may 
be  a ridge-maker  and  the  Oriskany  completely  devoid  of  topographic 
expression.  Because  of  this  equivocal  situation,  one  must  be  extremely 
cautious  in  assuming  correlation  by  topography  for  the  loAvei- 
Devonian  units.  In  the  hills  referred  to,  the  llelderberg  in  the 
northern  one  rises  as  a broken  and  bent  anticline.  The  southern  hill 
is  considered  to  be  a small  fault  block  thrust  north,  the  fault  surface 
presumably  lying  at  the  northern  foot  of  the  southern  hill,  because 
a trace  of  Mareellus  black  shale  was  discovered  in  the  A’alley  betAveen 
the  hills.  At  the  underpass  beneath  the  Xcav  York  Central  Railroad 
near  the  nortlnvest  corner  of  the  nortlieim  hill,  the  Ilelderberg- 
Oriskany  contact  is  exposed.  The  Oriskany  and  a little  ('Inondaga  are 
exposed  along  the  railroad  soutlnvest  from  Jersey  Shore. 

Exposures  are  poor  from  the  northern  hill  to  V.  S.  Iliglnvay  220 
Avest  from  Jersey  .Shore,  but  enough  Avas  observed  to  advance  the 
hypothesis  that  this  flat  stretch  is  undei-lain  by  folded  iMarcellus 
black  shale  of  undetermined  thickness  and  a little  Onondaga 
limestone.* 

Shifting  north  again,  a splendid  section  runs  up  the  east  side  of 
Pine  Creek  along  the  railroad  track.  The  loAvest  beds  are  assigned 
to  the  Portage.  IMueh  black  shale  found  at  Jersey  Shore  Avhere  the 
upper  Hamilton  should  be,  indicates  a further  crumpling  of  the  Mar- 
cellus  or  the  displacement  of  much  of  the  higher  Hamiltou  by  black' 
shale.  At  the  north  edge  of  Jersey  Shore,  not  a mile  east  of  Pine 
Creek,  a quarry  exposes  about  75  feet  of  Tully  overlying  Hamilton 
shale.  The  Burket  and  the  Harrell  occur  in  this  area.  Because  the 
upper  Hamilton,  Tully,  Burket  and  Harrell  are  thought  to  be  absent 
on  Pine  Creek,  a fault  is  introduced  in  Section  12. 

The  Portage  is  about  one-third  Brallier  and  tAvu-thii-ds  Trimmers 
Rock.  These  beds  are  exposed  in  an  OA'erturned  anticline  along  tin* 

* It  is  of  course  oossilile  tluit  some  of  tlie  black  sliale  may  bulong  lo  Ujw  Ciu»U(Juya 
or  tile  MaliaiitauKo,  but  tbis  lias  not  been  establisbed. 
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Figure  91.  Geologic  cross  sections,  generalized,  vertical  scale  exaggerated,  on  Pine  Creek,  at  Larrys  Creek,  at  Selinsgrove  Junc- 
tion and  at  Rupert.  See  Figure  86  for  key  to  localities  and  symkols. 
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railroad  for  about  three-quarters  of  a mile,  where  they  are  in  fault 
contact  with  the  Chemung.  The  Chemung-  occupies  a syneline,  north 
of  which  the  Portage  again  rises  in  another  arch,  but  presently  sinks 
once  more  beneath  a second  exposure  of  the  Chemung.  The  Catskili 
is  undifferentiated. 

Section  13,  Larrys  Creek. — In  southwestern  Lycoming  County, 
about  5^2  miles  east  of  Section  12,  a section  has  been  worked  out 
along  Larrys  Creek  and  the  Susquehanna  River.  Less  complete  than 
the  Pine  Creek  section,  this  sequence  is  introduced  because  these 
sections  are  partly  complementary.  Again,  structural  problems  com- 
plicate the  interpretation. 

The  Lower  and  much  of  the  Middle  Devonian  are  concealed,  but 
the  Mahantango  and  Marcellus  (or  recurrent  Marcellus-like  shales) 
are  poorly  exposed  in  a few  places  near  the  Level  Corner  School. 
Their  relation  to  higher  or  lower  units  is  unknown.  Along  the  New 
York  Central  Railroad  south  from  Larrys  Creek  Station,  that  is,  on 
the  east  bank  of  the  Susquehanna  River,  two  anticlines  expose  the 
Tully.  This  magnificent  example  has  been  fully  described.  Albeit 
there  is  here  not  less  than  200  feet  of  the  limestone,  this  unit  was 
not  found  in  the  Pine  Creek  section.  The  Tully  is  followed  succes- 
sively by  the  Burket,  Harrell,  Brallier  or  Trimmers  Rock.  The  last 
is  easily  found  by  the  marked  topographic  change  made  by  these 
resistant  sandstones.  The  Chemung  and  Catskili  are  normal,  and 
are  exposed  in  some  gentle  folds  northward  near  Larryville,  which 
village  occupies  a shallow  syncline  in  the  Catskili  red  beds. 

Section  14,  Selinsgrove  Junction.  (167,  232,  265) — It  is  a long  jump 
across  country  from  southwestern  Lycoming  County  to  west-central 
Northumberland,  but  no  satisfactory,  complete  Devonian  section  has 
been  discovered  in  the  intervening  territory.  At  Selinsgrove  Junc- 
tion, however,  there  is  a justly  famous  one  which  has  been  successively 
studied  and  discussed  in  varying  completeness  since  the  days  of  the 
First  Survey.  This  section  both  geographically  and  geologically  is 
intermediate  between  the  northern  and  eastern  series,  and  as  such 
can  be  shown  to  partake  of  the  peculiar  characteristics  of  each.  The 
section  commences  on  the  Pennsylvania  Railroad  about  one  mile  north 
of  the  railroad  bridge  across  the  Susquehanna  River  to  Selinsgrove. 
It  runs  south  along  the  railroad  and  highway  to  the  north  flank  of 
Little  Mountain.  Unfortunately,  the  term  Little  Mountain  has  been 
applied  to  more  than  one  ridge  in  Pennsylvania.  This  Little  Mountain 
must  not  be  confused  with  the  one  in  southern  Perry  County  men- 
tioned in  section  6 of  the  eastern  series.  Structures  of  the  Selinsgrove 
Junction  section  are  quite  simple.  The  older  beds  are  at  the  north 
end. 

The  north  end  of  the  Selinsgrove  Junction  section  includes  the 
south  limb  of  a broad,  low  anticline  that  brings  up  the  Helderberg 
and  underlying  Silurian  limestones  and  limy  shales.  Along  the  south 
limb  there  appears  to  be  a small  thrust  fault  running  east  up  a valley 
followed  by  U.  S.  Highlway  15,  for  the  Ridgeley  is  probably  absent, 
and  no  Onondaga  limestone  or  shale  w-as  found,  although  both  are 
present  in  the  area.  The  Marcellus  is  here  a black  shale  nearly  400 
feet  thick.  More  complete  exposures  south  of  Sunbury,  but  beyond 
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tJie  iiortliei-n  end  of  Secdiou  14  tlis])lay  this  shale  to  advantage.  In 
its  lower  paid  a it  large,  ellipsoidal  concretions.  A few  thin  sands 
in  its  middle  portion  are  supposed  to  equal  the  much  thicker  Turkey 
Ridge  and  Mexico  sandstones  of  Juniata  County.  The  Montebello 
sandstone,  jirobably  less  than  40  feet  thick,  is  present  in  this  section. 
This  is  to  be  anticipated  when  we  contrast  its  niaximnm  development 
in  Dauphin  and  Pei-ry  counties  with  its  total  absence  in  Lycoming 
(compare  Sections  6 and  7 with  Sections  12  and  13.)  The  Yitulina 
pusfidosa  zone  occupies  the  top  of  the  Hamilton.  A mile  sonth  of 
the  first  anticline,  a second  arch  rises  opposite  the  railroad  bridge. 
Though  somewhat  steeper,  it  is  a lower  fold  than  the  northern  anti- 
cline. Consequently,  the  oldest  observed  beds  belong  to  the  Oriskany 
and  are  exposed  as  ledges  in  the  river  during  low  water.  The  lower 
Onondaga  shale  has  been  called  Esopus,  but  might  also  pass  for  the 
Xeedmorp.  This  is  the  type  region  for  the  Selinsgrove  limestone, 
which  has  recently  been  newly  exposed  in  highway  cuts  across  the 
southern  anticline.  The  Selinsgrove  limestone  is  more  prominent  than 
the  limestone  in  the  Onondaga  group  of  the  northern  series,  and  it 
is  better  developed  here  than  in  the  eastern  series,  though  consider- 
ably thinner  than  its  correlate,  the  Buttermilk  Falls  limestone  of 
Monroe  County. 

T have  observed  fossiliferous  Tully  shale  and  limestone  both  east 
and  southeast  of  the  Selinsgrove  Junction  section,  but  none  surely  in 
the  section  itself.  However,  the  Burket  is  present  and  also  a little 
Harrel  with  Naples  fossils.  Both  of  these  are  actually  better  exposed 
down  river  along  Fiddlers  Rnn  southeast  from  Herndon.  All  the 
remaining  Portage  is  assigned  to  the  Trimmers  Rock  sandstone, 
although  its  lower  beds  cai’ry  some  olivaceous  shale  which  is  no  doubt 
a remnant  of  the  Brallier.  The  Reticularki  lawis  zone  (Losh  Run 
shale)  is  recognized  in  this  section.  In  fact,  the  Portage  as  a whole  is 
not  very  different  from  that  on  the  Lower  Juniata  in  Perry  County, 
although  no  Parkhead  occurs  in  Section  14. 

No  Chemung  is  present,  but  the  Catskill  red  beds  follow  directly 
nj)on  the  Portage.  This  condition  is  rather  striking  because  traces 
of  Chemung  are  known  in  western  Luzerne,  eastern  Perry  and  west- 
central  Dauphin  counties;  and  the  group  is  well-represented  in 
Lycoming  County.  Nothing  which  could  be  called  Honesdale  was 
discovered  in  the  upper  Catskill,  nor  is  there  any  topographic  evi- 
dence for  supposing  it  present  along  the  north  slope  of  Little 
Mountain.  No  trace  of  Oswayo-like  beds  was  recognized  at  the  top 
of  the  Catskill.  In  the  absence  of  the  Honesdale  the  Catskill  in  Sec- 
tion 14  resembles  that  on  the  Allegheny  Front;  in  the  lack  of  Oswayo- 
like  strata,  it  more  nearly  agrees  with  the  sequences  of  the  eastern 
series. 

Section  15,  Rupert. — A section  has  been  drawni  through  Rupert 
from  Bloomsburg  south  to  Catawissa  in  southwestern  Columbia 
County.  This  section,  thoiigh  admittedly  rather  inferior,  is  significant 
when  contrasted  with  Section  14  at  Selinsgrove  Junction  to  the  west, 
because  of  certain  pronounced  differences. 

The  Helderbei’g  comes  to  the  surface  in  a long  anticline,  the  Ber- 
wick axis,  at  Bloomsburg.  During  low  water  in  Big  Fishing  Creek 
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southwest  of  Bloomsburg,  I observed  certain  relations  of  the  Helder- 
berg  to  overlying  strata  exposed  in  the  creek  bed.  There,  I interpreted 
the  sequence  to  include  a mere  trace  of  doubtfully  identified  Oriskaii}' 
sandstone  resting  upon  the  Helderberg.  No  Onondaga  was  seen.  It 
may  be  present,  as  the  limestone  or  shale  of  this  group  occurs  botli 
east  and  west  of  here,  but  my  prejudice  is  that  it  is  absent.  The  black 
Marcellus  shale  is  somewhat  concretionary.  A fine  Hamilton  section 
shows  southward.  No  Tully  was  found,  though  it  is  present  about 
eight  miles  west  at  South  Danville  and  northward  on  Little  Pishing 
Creek.  There  is  considerable  dark  shale  at  the  base  of  the  Portage, 
and  a sparse  Naples  assemblage  here.  A little  olive-gi-een  shale 
assigned  to  the  Bralliei’  is  here  unexpectedly  far  east.  The  remaindei' 
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Figure  92.  Boulders  of  fossiliferous  Chemung  ( Allegrippus?)  con- 
glomerate, southern  Huntingdon  County. 

of  the  marine  Devonian  is  Trimmers  Bock  sandstone  which  passe.^ 
up  into  the  Catskill  continental  facies  in  this  section.  Once  more, 
no  Chemung  was  recognized,  though  a remnant  occurs  in  sonthwestern 
Luzerne  County  ten  miles  to  the  east. 


COLUMNAR  SECTIONS 

By  means  of  fifteen  transverse  sections,  1 have  discussed  the 
Devonian  sequences  in  as  many  ditferent  places  in  eastern  and  central 
Pennsylvania.  In  a general  wa.y  I have  drawn  attention  to  relations 
among  near-by  or  adjacent  sections,  but  the  emphasis  has  necessarily 
been  upon  the  individual  peculiarities  of  each  particular  section.  I 
shall  now  try  to  demonstrate  the  Devonian  correlations  on  a broad 
scale  over  the  same  region. 

For  this  pui-pose  the  fourteen  columnar  sections  shown  in  Figure 
have  been  built  up.  Seven  of  these  follow  much  the  same  line  as 
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was  adopted  for  the  eastern  series  of  transverse  sections;  the  other 
seven  are  distributed  along  the  region  represented  by  the  transverse 
sections  of  the  northern  series.  Therefore,  these  columnar  series  may 
also  be  spoken  of  as  eastern  and  northern  respectively.  None  of  the 
columnar  sections  is  necessarily  to  be  found  in  any  one  place.  Rather, 
they  are  compilations,  combinations  and  generalizations  by  counties. 
Thus,  in  the  eastern  series,  they  illustrate  averages  in  turn  for  Mon- 
roe, Carbon,  Schuylkill,  Lebanon,  Dauphin,  Perry  and  Pulton  coun- 
ties. Pulton  County,  included  here,  Avas  not  represented  in  the  trans- 
verse sections  of  the  eastern  series.  The  northern  series  illustrates 
Bedford,  Blair,  Huntingdon,  Clinton,  Lycoming,  Northumberland  and 
Columbia  counties.  Here  it  was  possible  to  supply  data  on  Clinton 
County,  whereas  no  satisfactory  transverse  section  could  be  drawn 
for  it.  I procede  to  discuss  correlation  by  groups. 

Ilelderberg  group.- — ^Swartz  has  reported  in  Chapter  II  that  the 
Helderberg  group  is  present  throughout  the  eastern  series  except  in 
Dauphin  and  Lebanon  counties.  Prom  Schuylkill  County  it  thickens 
to  the  east  to  a probable  maximum  for  the  State  in  Monroe  County. 
In  the  northern  series,  the  group  remains  about  constant  in  thick- 
ness, except  in  Bedford  County,  Avhere  it  increases  somewhat. 

Oriskwny  group. — Cleaves  in  Chapter  III  has  described  this  group 
thoroughly.  In  the  east  it  consists  of  a single  formation,  the  Ridgeley 
sandstone,  which  remains  thin  and  is  so  showm  in  the  Schuylkill,  Car- 
bon and  Monroe  county  columns.  Absent  in  Lebanon  and  Dauphin, 
the  Ridgeley  reappears  in  Perry  County.  The  Shriver  chert  forma- 
tion first  comes  in  below  the  Ridgeley  in  Pulton  County,  and  remains 
a constant  element  below  the  Ridgeley  all  along  the  Allegheny  Pront. 
It  thins  in  Northumberland  County  and  neither  Ridgeley  nor  Shriver 
is  surely  present  in  Clinton  County.  The  total  Oriskany  thickness 
varies  along  the  northern  series,  with  a maximum  in  Huntingdon 
County. 

Onondaga  group. — The  Onondaga  group  is  wide-spread,  but  like 
tlie  Helderberg  and  Oriskany  groups,  absent  from  Dauphin  County. 
It  is  just  barely  present  in  Lebanon,  but  begins  to  thicken  in  Perry 
County  and  on  into  Pulton  County.  The  group  is  present  in  south- 
central  Pennsylvania  and  northward.  Though  not  identified  in  Clin- 
ton County,  it  is  doubtless  there  but  hidden  and  is  well  known  east 
into  Northumberland  County,  though  very  thin  in  Columbia  County. 
The  formations  of  Onondaga  age  have  a very  different  distribution 
from  the  group  as  a Avhole.  The  cherty  Buttermilk  Palls  limestone 
is  confined  to  Monroe  and  Carbon  County  sections,  but  as  it  thins  west- 
ward, pari  parsu,  the  non-eherty  Selinsgrove  limestone  occupies  the 
same  stratigraphic  place.  This  latter  limestone  shows  in  all  of  the 
other  easteni  and  noi-thern  series  columns  except  that  of  Dauphin 
County,  where  it  is  definitely  absent,  and  Clinton  County  where  it 
probably  is  present  but  hidden.  In  the  most  southerly  transverse  sec- 
tions it  was  not  recorded,  but  does  appear  in  these  generalized  pic- 
tures for  the  successions  in  Pulton  and  Bedford  counties. 

The  distribution  of  the  Esopus  and  Needmore  shales  is  analogous 
to  those  of  the  Buttermilk  Palls  and  Selinsgrove  limestones  respee- 
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tively.  The  Esopus  drops  from  a maximum  in  Monroe  County  to  a 
somewhat  thinner  section  in  Carbon,  a little  less  in  Schuylkill,  and 
is  met  no  more  to  the  west,  unless  a sandstone  below  the  Selinsgrove 
limestone  in  Lebanon  County  be  of  this  formation.  In  Carbon  and 
parts  of  Monroe  County,  the  Esopus  is  found  to  carry  sandstones  and 
cherts  locally,  but  these  are  not  indicated  in  the  chart.  West  of 
Dauphin  County,  the  Needmore  shale  occupies  the  place  vacated  by 
the  Esopus.  This  limy,  fossiliferous  shale  is  best  developed  in  Bed- 
ford and  Pulton  counties,  but  is  encountered  in  most  of  the  northern 
series,  though  concealed  in  Clinton  County,  and  is  probably  lacking 
in  Columbia  County. 

Hamilton  group. — The  Hamilton  group  is  shown  in  the  columnar 
sections  as  consisting  of  two  formations  (lesser  units  are  omitted),  the 
black  Marcellus  shale  below,  and  the  Mahantango  formation  above. 
Details  are  given  in  the  chapters  dealing  with  the  Middle  Devonian. 
The  Marcellus  black  shale  is  present  throughout  both  the  eastern  and 
northern  series.  Though  concealed  in  Clinton  County,  it  must  cer- 
tainly underlie  this  region.  From  a maximum  in  Monroe  it  thins  to 
the  Susquehanna  and  then  increases  to  maintain  a fairly  uniform 
thickness  elsewhere. 

The  Mahantango  formation  is  remarkably  constant  in  thickness. 
It  is  shown  in  all  the  columns.  As  it  has  already  been  thoroughly 
discussed,  further  comment  would  be  superfluous. 

Portage  group. — Having  commented  at  length  on  the  distribution 
of  the  Tully  limestone  and  of  the  Burket  and  Harrell  shales,  I need 
merely  call  attention  to  their  thickness  changes  shown  in  the  several 
sections  of  both  the  eastern  and  northern  series.  Of  the  remaining 
Portage,  the  important  point  to  note  is  the  facies  shifts  from  east  to 
west  (Figure  64).  Taking  the  Trimmers  Rock  sandstone  as  a basis, 
observe  its  lateral  shift  east  in  Carbon  and  Monroe  counties  into  con- 
tinental beds  assignable  to  the  lower  part  of  the  Catskill  facies.  In 
the  Susquehanna  Valley  the  sandstone  dominates,  but  from  Perry 
County  west  observe  the  shift  from  sandstone  to  shale  as  the  off- 
lapping  Trimmers  Rock  displaces  westward  the  Brallier  shale.  In 
the  south,  this  change  from  sandstone  to  shale  laterally  is  never  com- 
pleted, as  the  Bedford  County  column  shows  only  Brallier  shale.  The 
same  is  true  in  Blair  and  again  in  Clinton  County,  but  in  Huntingdon 
County  some  sandstone  has  crept  in  at  the  top  of  the  column. 

Chemung  group. — In  the  sections  of  the  northern  series,  the  Che- 
mung appears  at  the  Susquehanna  and  spreads  west  in  growing 
thicknesses.  This  phenomenon  has  been  described.  However,  the  col- 
umnar sections  show  how  the  Chemung  is  actually  a continuation  of 
the  Trimmers  Rock  sandy  facies  of  the  Portage  group.  Thus,  when 
the  Trimmers  Rock  is  either  thin  or  absent,  the  Chemung  comes  in 
thick  above  the  Brallier  shale.  Conversely,  the  Chemung  is  lacking 
eastward  where  the  Portage  is  mostly  sandstone.  Not  only  does  the 
Chemung  represent  a facies  shift  of  the  Portage  sandstone  upward 
and  westward  with  off-lap ; it  also  shows  again  the  Chemung-Catskill 
relations  over  a wide  area. 
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CntsJnll  facu's  (p'otip. — The  eastern  and  northern  series  of  columnar 
sections  show  little  if  anything  which  has  not  already  been  described 
about  tlie  CatskiJl  continental  facies.  Chiefly,  they  illustrate  the 
lateral  shift  of  the  I’ed  l)eds,  first  in  the  east  into  the  upper  Portage 
sandstone,  and  then  westward  into  the  Chemung.  Catskill  members 
have  been  purjiosely  omitted  as  their  virtue  has  been  fully  extolled  in 
Chapter  VJII. 


DETAILED  SECTIONS 

In  disclosing  the  correlation  of  the  Devonian  in  Pennsylvania  in 
this  chapter,  I have  ]u-esented  so  far  data  intended  to  give  a general, 
broad  picture  of  the  seijuences  encountered  in  different  localities. 
Fifteen  sections  drawn  jierjiendieular  to  the  strike  in  as  many  stra- 
tegic. localities  have  been  described  with  the  help  of  illustrations  of 
these  eros.s-sections.  Ify  means  of  columnar  sections,  I have  presented 
an  exposition  of  the  average  situation  by  counties  and  explained  how 
the  lithologies  I'liange  from  county  to  county.  Through  these  means 
it  has  been  possible  to  point  out  graphically  the  great  lithologic  facies 
shifts  across  the  State.  The  facts  upon  which  these  correlations  have 
been  founded  are  drawn  from  many  detailed,  “bed-by-bed”  sections 
measured  and  recorded  during  years  of  field  studies.  Thanks  to  the 
distribution  of  our  ]irinci])al  river  valleys  transverse  to  the  strike  of 
the  formations,  natural  sections  are  exposed  which  have  been  en- 
hanced by  building  of  canals,  railways  and  highways  along  the  water 
courses.  During  the  last  score  of  years  the  extensive  program  of 
highway  construction  has  ]iroved  a veritable  mine  for  stratigraphic 
information.  No  longer  are  mountain  ridges  looked  upon  as  insur- 
mountable impediments  to  road-building.  The  modern  highway  en- 
gineer runs  his  gi-ades  ovei'  ridge  after  ridge,  cutting  deeply  through 
unconsolidated  overburden  into  solid  rock,  and  exposing  geologic  sec- 
tions which  the  last  generation  of  geologists  in  their  most  sanguinary 
i-everies  never  hoped  to  see. 

It  is  obviously  inpmssible  to  present  all  or  even  a majority  of  the 
detailed  sections  on  tile.  Not  only  would  the  printing  costs  be  pro- 
hibitive, but  such  a mass  of  data  would  obscure  its  own  value.  Many 
are  repetitions  of  adjacent  sequences  and  as  such  are  essential  cor- 
roboratives in  ]ireparing  such  a summary  as  the  columnar  sections  in 
Figure  93.  Nevertheless,  it  is  believed  advisable  to  publish  a few, 
well-chosen,  re]>re.sentative,  “bed-by-bed”  successions.  These  illus- 
trate the  type  of  data  which  form  the  foundation  for  the  correlations 
in  this  bulletin,  and  at  the  same  time  they  show  the  details  of  cei'tain 
features  of  particular  formations  or  groups  which  are  not  obvious 
in  the  transverse  or  columnar  sections  because  of  the  scale  to  which 
these  have  been  drawn. 

In  comparing  tliem  with  the  transverse  or  columnar  sections  or  in 
(‘hecking  them  against  the  detail  descriptions  of  formations  and 
groups  in  earlier  chapters,  it  must  be  repeatedly  borne  in  mind  that 
these  sections  are  only  a few.  They  have  been  selected  because  of 
completeness  or  to  illustrate  specitie  features.  They  are  not  averages; 
in  some  they  can  hardly  be  called  typical  because  of  the  peculiarities 
for  which  they  have  been  chosen.  In  each  bed  or  group  of  beds  I 
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have  noted  salient  features  which  embrace  lithologic  type,  bedding, 
color,  effect  of  weathering,  texture,  organic  contents,  degree  of  excel- 
lence of  exposure,  structural  pecvdiarities  and  other  unusual  features 
and  thickness.  The  thicknesses  are  measured  directly,  estimated,  oi- 
calculated.  Where  a reasonable  estimate  could  not  l)e  attained,  the 
thickness  is  omitted.  There  are  concealed  intervals,  and  of  these, 
where  reasonably  certain,  a figure  of  probable  thickness  of  the  hidden 
rocks  is  noted  down.  Observations  on  dips,  .strikes,  and,  usually,  hori- 
zontal distances  are  left  out,  nor  are  total  thicknesses  given,  as  they 
are  recorded  elsewhere  from  more  comprehensive  data.  In  two  or 
three  sections,  data  have  been  supplied  from  adjacent  exposures  to 
fill  in  concealed  gaps.  This  is  notably  the  ease,  for  example,  in 
Section  0 along  Little  Juniata  Creek  in  Perry  County  where  I'oad  and 
railroad  cuts  and  outcrops  in  the  stream  and  its  baidvs  have  been  used 
as  mutually  complementary.  Because  the  sections  are  scattei-ed  and 
not  necessarily  in  close  relations  to  the  transverse  and  columnar  sec- 
tions, they  are  li.sted  alphabetically  by  counties.  Xo  sections  are 
quoted  for  the  northern  tier  of  counties.  N^early  all  those  recorded 
from  there  are  short,  broken  and  unsatisfactory  in  that  everywhere, 
nearly,  only  a relatively  thin  portion  of  the  strata  can  be  measured. 
The  published  .sub-surface  data  are  far  more  satisfactory  than  surface 
measurements.  In  Chapter  VIII  there  has  already  been  given  a faii'ly 
thorough  summary  of  the  northern  tier  based  upon  a compilation  of 
data  from  many  of  these  short  sections.  Chapters  II  and  111  respec- 
tively record  detailed  llelderberg-lveyser  and  Oriskany  sections. 


A.  Bedford  County,  Chaiieysville  Section 

This  section  deals  with  the  upper  ]>art  of  the  Hamilton  group, 
showing  lithologic  peculiarities,  faunal  zones  or  secpiences,  and 
Middle-Upper  Devonian  relations  where  Tully  and  Bnrket  are  lack- 
ing. The  section  runs  from  west  to  east  through  the  village  of 
(dianey.sville  and  is  in  the  Clearville  quadrangle. 

Feet 

].  East  eud  of  covered  bridge  west  of  Cliaiieysville ; south  of 
road  opposite  house.  Oriskany  sandstone,  blue-wliite,  coarse. 

Elxposed -t 

2.  Onondaga  (Needmore)  shale  with  1-in.  liinei-hone  leases,  dark 
gray  to  black,  weathers  to  olive-gray  chips,  tissile;  fossils 
rare  ; exposure  poor V 

.1.  Concealed  interval  including  Marccllus  and  lower  jjart  of 

Mahantango  formations S.K) 

4.  West  apex  of  road  triangle  at  Idianeysville  school.  Aiahan- 
tango  lower  shale  (Gander  Run  member)  with  stray  sand- 
stones, olive-gray,  weathering  to  chunks  and  splinters;  Tropi- 


(loleptus  carinatus  abundant  in  lower  third,  Choiictefi  at  base 

as  exposed :io 

.5.  Mahantango  formation  (Chaiieysville  sandstone  member,  type 
locality),  olive-gray,  brown  weathering,  medium  texture: 

"Spirifer"  mucr'niaUis  common 182 

6.  Continuing  through  Chaneysville.  Mahantango  formation 
(Frame  shale  member),  sandy  with  platy  sandstones,  light 
olive-gray,  buff-weathering-,  yield  chips;  very  fossiliferous ; 
exposures  poor Illli 
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Feet 

7.  Eoad  north  of  Chaneysville,  north  of  first  bridge,  local  fault- 
ing. Top  of  Mahantango  shale  overlain  by  Harrell  shale, 
gray;  Naples  fauna.  No  Burket  nor  Tully  present.  Thickness 

of  Harrell 38 

8.  Continuing  east  of  Chaneysville  along  road;  cuts.  Brallier 
shale,  in  contact  with  top  of  Harrell  gray  shale ; olive,  smooth 
bedding-surfaces,  barren. 

B.  Bedford  County,  Everett-Juniata  River  Section 

This  section  is  a presentation  of  the  Upper  Devonian  sequence  in 
■south-central  Pennsylvania,  primarily  to  illustrate  the  Catskill  con- 
tinental facies  of  that  part  of  the  State.  The  section  starts  east  of 
Breezewood  and  more  or  less  follows  the  Kaystown  Branch  of  the 
Juniata  River  along  Highway  30  (Lincoln  Highway)  west  to  Everett. 
It  lies  in  the  Needmore,  Clearville  and  Everett  quadrangles. 

1.  On  U.  S.  Highway  30,  100  yards  east  of  Mt.  Zion  Church 
(Needmore  quadrangle),  cut.  Catskill  red  beds.  This  is  the 
first  showing  of  the  Catskill  below  the  Pocono  of  Bays  Hill  to 

the  east.  Exposed 17 

2.  .3  miles  west  of  1.  Scattered,  broken  down  showings  of 

Catskill  red  beds.  Probably  small  anticline  here,  but  expo- 
sures too  poor  to  determine  attitude  or  thickness ? 

3.  .6  miles  west  of  1,  cut.  Catskill  red  beds  with  thin,  greenish- 


gray,  beaded  sandstone  partings  at  intervals 60-75 

4.  .7  miles  west  of  1,  first  small  rise  west  of  road  south  from 

Breezewood.  Catskill  red  beds.  At  base  of  exposure  15  feet 
of  olive-drab  shale.  Among  the  red  beds  is  a little,  inter- 
bedded,  whitish  sandstone  which  weathers  to  rusty  plates.  . . 55 


5.  Clearville  quadrangle.  1.15  miles  west  of  1,  down  grade  west 
of  Breezewood.  Numerous  cuts  in  Catskill  red  beds  with 
some  olive-drab  shales  and  a little  mud-chip  glomerate  inter- 
bedded  40  feet  below  top.  These  beds  probably  equal  to  4. 
Exposure  partial.  Near  base  and  again  270  feet  above  base 
are  green  to  whitish  sandstone  partings  of  beaded  type. 


Exposed 285 

6.  Concealed 30 

7.  Continuous  cut  down  grade  to  brook  and  thence  west  to  curve 

at  “A.”  Catskill  red  beds 15 


8.  Curve  at  “A”  of  “HIGHWAY.”  Axis  of  faulted  and  crumpled 
fold,  sheared  perpendicularly  with  quartz  stringers  in  Catskill. 

9.  Continuing  down  grade  toward  west.  Catskill,  partly  equal 
to  7 and  lower  part  of  6.  “Worm  eaten”  beds  and  fish  frag- 
ments near  middle.  The  “worn  eaten”  beds  appear  to  be 
result  of  out-weathering  of  shale  pellets,  not  calcium  car- 
bonate. At  base  a 24-foot  green  sandstone,  massive  to  platy. 


weathering  browm 99 

10.  Concealed,  probably  all  red  beds 1 75 


11.  Cuts  at  and  opposite  road  south  between  first  “A”  and  “T” 
of  “JUNIATA.”  Catskill  red  beds,  slightly  folded,  exposed 
also  in  abandoned  quarry  on  hillside  above  road  to  north; 
fish  fragments  30  feet  above  base,  above  which  is  20  feet  of 


greenish,  laminated  sandstone 75 

12.  Partly  hidden,  much  heavy  red  sandstone 130 

13.  Concealed 30 

14.  Across  creek  south  of  road,  high  cut  cliff.  Catskill,  mostly 

sandstone,  heavy,  cross->bedded,  attitude  dubious ; some  green- 
ish sandstones  and  plant  fragments ,. . . 64 
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15.  Concealed 45 

16.  Road  relocated  at  new  bridge  across  river.  Catskill  less  mas- 
sive than  above  (at  14),  to  shaly  ; partly  hidden 85 

17.  At  “J”  of  “JUNIATA.”  Catskill  red  beds,  mostly  massive 
sandstone,  exposed  along  old  road  to  covered  bridge.  (N.  B. 

This  bridge  “went  out”  in  the  1936  flood.)  175 


18.  Concealed  crossing  river ? 

19.  West  end  of  new  bridge.  Catskill,  heavy  red  sandstone  with 
a green  lens  22  feet  wide  and  2 feet  thick  which  may 
be  channel  or  swamp  deposit.  These  beds  probably  equal  17 
and  18  east  across  river. 

20.  Continuing  upwmrd  from  approximately  the  top  of  16  west 

of  highway  at  “LINCOLN.”  C^atskill  red  beds 280 

21.  Syncline  at  “L”  of  “LINCOLN.” 

22.  Repetition  of  20  downward. 

23.  Anticline ; a 10-foot,  heavy,  sandstone  marks  arch. 


24.  Partly  hidden 100 

25.  Continuing  down.  Large,  abandoned  quarry  with  small  mono- 

clinal  fold  in  east  end.  Catskill  red  beds,  heavy 95 

26.  Continuing  w’est,  cuts  plentiful 110 

27.  Syncline  at  first  gully  east  of  road 

28.  West  of  syncline,  continuing  in  Catskill  150 

29.  Continuing  in  Catskill  red  beds.  May  be  some  repetition  here.  270 

30.  Same  beds  as  29  repeat  in  fold. 

31.  Axis  of  sj’ncline. 


32.  Beds  exposed  in  high  cliffs  east  of  highway  at  end  of  curve 
at  juncture  of  river  and  Brush  Creek.  Much  massive  sand- 
stone, gray  to  greenish,  cross-bedded  with  sweeping  laminae 
suggesting  eolian  deposits,  cross-bedding  planed  squarely  off 

at  top  with  short  foreset  beds.  These  break  out  into  plates.  300 

33.  Concealed ? 

34.  At  sharp  turn  at  “V”  of  “RIVER”  (Everett  quadrangle). 

Cuts  and  small  glen  show  massive,  green  sandstone  probably 
equal  to  32  repeating  through  folding  in  concealed  interval 
at  33.  The  beds  sometimes  are  “worm-eaten,”  carry  fish  frag- 
ments and  are  ripple  marked  and  bear  mud-chip  glomerates 

and  plant  fragments.  Folding  continues  west 430 

35.  Mostly  concealed,  probably  all  Catskill  and  gently  folded.  ? 

36.  First  road  north,  west  of  “RIVER.”  Small  showing  of  Catskill 
in  cut. 

37.  At  curve  and  juncture  with  secondary  road  south,  cuts. 

Shale,  brown  or  gray-brown,  rusty  to  buff -weathering.  Occa- 
sional thin,  brown  sandstones  also  present  and  some  heavy 
beds  of  more  or  less  whitish  sandstone  up  to  4 or  5 feet  thick. 

60'  feet  above  base  is  a 5-foot  gray  to  pale  olive-gray,  coarse 
sandstone  which  may  equal  some  of  the  conglomerates 
described  by  earlier  workers,  perhaps  the  Saxton.  The  lithol- 
ogy here  suggests  Chemung,  but  beds  appear  to  be  barren.  . . 325 

38.  Concealed  along  highway  for  about  one  mile ? 

39.  Cuts.  Brallier  shale,  greenish,  sandy,  locally  folded.  Evi- 
dently the  Chemung  is  in  the  concealed  interval  at  38.  Bral- 
lier shows  westward  in  occasional  exposures  to  Everett. 
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C.  Blair  County,  Newry  Section 

The  section  liere  drawn  up  illustrates  the  lithologic  and  attendant 
faunal  changes  from  the  Hamilton  group  upward  through  the  Catskill 
continental  facies.  It  is  particularly  good  in  showing  the  displace- 
ment of  the  marine  Chemung  by  the  red  beds.  It  brings  in  also  a 
glimpse  of  the  facies  shift  between  Portage  sandstone  and  shale.  This 
section  runs  along  the  tracks  of  the  Pennsylvania  Kailroad  from  a 
point  west  of  Newry  to  the  Allegheny  Front.  It  is  included  on  the 
Hollidaysbni-g  and  Ebensburg  fjnadrangies. 


Keet 


1.  Cast  of  underpass,  large  cuts  begin  at  right-angle  curve  near 
Xewry.  Section  ascends  westward. 

.Vlarcellus  shale,  dark-gray,  fissile,  barren.  Exposed H4 

Mahantango  lower  shale,  interbedded,  gray,  fissile  shale  and 
thin,  more  or  less  lenficular.  gray,  brown-weathering  sand- 
stones some  of  which  appear  limy 14 

.Mahantango  sandstone,  graj',  brown-weathering  with  gray 
shale  interbeds,  barren 143 

2.  Concealed  west  across  valley  with  road 100 

3.  'fraces  of  dark  shale  in  fields  south  of  R.  R 05 

4.  At  mile  post  36,  cuts.  Mahantango  shale,  stray  sandstones, 

gray;  fossiliferous ; top  concealed 128 

t).  Concealed 380 

6.  Slight  curve  south.  Mahantango  sandy  shale  partly  hidden.  150 

7.  Concealed  around  curve 35 

8.  Beginning  of  large,  right-angle  turn,  cut.  Brohably  Brallier, 

h\it  sandy,  flaggy  to  shaly,  gray.  Top  hidden 114 

9.  Burket  black  shale  below  Brallier  in  field  south  of  R.  R. 

Little  in  place.  Black,  chippy,  small,  calcareous  concretions. 

Basses  upward  into  gray  shale  (Harrell?).  All  much  wea- 


thered. The  lower,  black  shale  rests  upon  upper  Hamilton 
sandy  shale  which  weathers  to  light  gray  chips.  No  Tully 
seen 

10.  Concealed  on  R.  R.  in  part  and  follows  near-strike  section 
in  Brallier  shale  for  about  1 mile  to  summit  of  spur. 

11.  First  curve  (right  angle)  beyond  10.  Cut.  Brallier,  sandy 
shale  and  some  flaggy  sandstones,  grayish;  a few  Ithaca  fos- 
sils in  fairly  coarse,  heavy-bedded  sandstones  104  feet  above 
base.  These  probably  are  an  incursion  of  the  sandy  (Trim- 


mers Rock)  facies  from  the  east 194 

12.  Concealed  across  small  valley 235 

13.  .Vt  second  "R"  of  “B.\.  R.  R..”  cut.  Brallier  shale,  growing- 
gnarly  and  sandier,  carries  an  Ithaca  fauna  80  feet  above 

base 220 

14.  Continuous  with  13.  Blaty  to  shaly  sandstone;  30  feet  above 
base  “jS'pfri/er”  disjiaictus  appears,  placing  this  in  Chemung; 

top  hidden 70 

15.  Chemung  sandstone  and  shale,  dominantly  gray,  brown-  or 
buff-weathering,  partly  hidden.  Fossils  70  feet  above  top  of 
14.  Amhocoelia  (jregaria  common  as  in  lowest  Chemung.  An- 
other faunule  at  170  feet  above  14.  Mile  post  38  near  base.  220 

16.  Concealed 445 

17.  Chemung  sandstone  in  small  cut;  flaggy,  olive-brown  shale 

interbeds;  fossils  in  upper  xjart 90 

18.  Concealed 130 
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19.  Beginning  at  east  end  of  curve  opposite  “p”  of  “(tap.” 
Chemung  flags,  platy,  sandy  shale  with  a few  heavier  beds. 

Gray  to  olive-gray ; fish  fragment  48  feet  above  18.  Abundant 
faunule  50  to  60  feet  above  18.  Kipple-marked  surfaces  and 
occasional  pebble  beds  present 94 

20.  Similar  to  19.  Lowest  dull  red  shale  observed,  but  marine 

fossils  present  at  30  and  50  feet  above  base 108 

21.  Concealed  at  curve 205 

22.  Similar  to  20  but  with  interbedded  red  strata.  Abundant 
Chemung  faunules  at  30,  50,  110  and  212  feet  above  base. 

This  carries  section  to  underpass  at  “Gap.”  23.5 

23.  Concealed,  vallej’  at  underpass 290 

24.  Curve  left,  opposite  “Gap,”  cuts.  Chemung  gray  or  olive-gray 

to  brown  shale  and  sandstone,  brown-weathering;  no  red  beds 
here;  plant  stems  and  ripple  marks.  At  40  feet  above  base, 
marine  fossils IIT 

25.  Concealed  on  curve 

26.  Catskill  red  beds.  Partly  hidden.  Ripple  marks,  mud  chips, 
mud  cracks  and  rain  prints  (?).  A few  thin  stringers  of  green 

shale 1 40 

27.  Similar  to  26,  partly  hidden 50 

28.  Concealed  in  valley  opposite  “Blair.”  950 

29.  Curve  at  nose  of  ridge,  cuts.  Catskill  similar  to  26.  Carries 

section  to  secondary  road 81 

30.  Concealed 184 

31.  At  sidings.  Intermittent  showings  of  Catskill  red  beds  in 


cuts ; interbeds  of  cross-bedded  green  sandstone  of  Oswayo 
type 

32.  Concealed,  to  west  side  of  switch  tower  at  yards  southwest 

of  “Kun,”  Ebensburg  quadrangle ? 

33.  West  of  switch  tower,  cuts.  Catskill  red  beds  ^vith  occasional 
interbeds  of  rather  heavy,  gray  or  olive-gray  sandstone  and 

shale  which  tend  to  weather  yellow-brown  ; barren 50 

34.  At  curve  south  of  bridge  over  brook  at  Muleshoe  curve.  Pocono 
sandstone,  massive,  gray,  medium-coarse,  somewhat  cross- 
bedded. 


D.  Clinton  County,  Lockport  Section 

This  is  a short  section  introduced  to  exemplify  the  Tally,  Burket, 
Harrell  and  Brallier  relations  at  a point  where  these  units  are  par- 
ticularly well-developed.  Section  D starts  at  Lockport  on  the  north 
bank  of  the  Susquehanna  River  opposite  Lock  Haven,  and  runs 
northwestward  a short  distance.  It  is  included  on  the  Lock  Haven 
quadrangle. 

1.  At  east  end  of  section  opposite  West  Branch  bridgehead  to 
Lock  Haven.  Tully  limestone,  light  gray,  weathering  lighter, 
evenly  bedded  in  strata  that  averages  aboiit  2 inches  thick 
with  thin,  black  shale  partings.  Lowest  30  feet  tends  to  be 
shalier,  base  hidden.  Topmost  10  to  15  feet  grows  shaly  and 


is  fossiliferous 185 

2.  Burket  black  shale  ; barren 61 

3.  Harrell  shale,  sandstone  interbeds,  dark  graj',  some  rather 

olivaceous;  sparse  Naples  fauna 80 

Harrell  shale,  some  beds  finely  arenaceous,  dark  gray  to 


black. 


4. 
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5.  Harrell  shale,  but  carries  olivaceous  beds  and  evidently  pass- 
ing upward  into  the  Brallier  ; nearly  barren 125 

6.  South  side  of  brook  at  secondary  road.  Sandstone,  gray, 
platy.  Carries  sparse  Naples  faunule.  Probably  Harrell  or 

basal  Brallier 9 

7.  Concealed  in  brook  valley  at  Lockport. 

8.  Brallier  olive  shale  with  interbedded  gray  sandstones  ; barren.  85 


N.  B.  Portage  and  then  Chemung  beds  continue  up  the  river  on 
both  sides  and  pass  over  eventuallj^  into  the  Catskill. 


E.  Columbia  County,  Catawissa  Section 

This  sequence  on  the  North  Branch  of  the  Susquehanna  River  is 
introduced  to  portray  the  Portage-Catskill  relations  in  the  absence 
of  the  Chemung.  Williams  and  Kindle  (265)  described  a similar 
section  to  this  along  the  east  bank.  This  one  starts  at  the  Reading 
Railroad  bridge  and  continues  south  along  the  west  bank.  Its  lowest 
beds  are  concealed,  but  may  be  supplemented  near  Bloomsburg.  The 


section  is  included  in  the  Catawissa  quadrangle. 

1.  Mahantango  sandstone,  flaggy  to  submassive  and  massive, 

some  shaly  bands,  gray,  brown-weathering ; fossils  abundant 
in  bands  and  have  calcareous  shells  preserved  in  many  ex- 
amples, others  occur  in  soft,  limonitic  layers 160 

2.  Concealed  save  for  small  showings  similar  to  1 635 

3.  Mahantango  sandstone,  gray,  shaly 7 

4.  Concealed 24 

5.  Similar  to  3 9 

6.  Concealed 28 

7.  Similar  to  3,  but  greenish;  crinoid  “joints.”  16 

8.  Concealed 21 

9.  Mahantango  formation  sandstone,  rather  shaly,  gray-green, 

weathering  gray  ; fragmentary  fossils 25 

10.  Sandstone  similar  to  10  but  very  massive 7 

11.  Sandstone,  massive  to  submassive.  Fragmentary  fossils. 

Upper  part  concealed  at  small  gully.  This  j>robably  includes 

the  Burket  and  perhaps  some  Tully  50 

12.  Sandstone,  gray,  shaly,  partly  hidden.  Presumably  this  is 

basal  Trimmers  Rock  sandstone 65 

13.  Concealed 21 

14.  Shale,  gray,  sandj^  with  some  submassive  sandstones,  partly 

concealed 20 

15.  Trimmers  Rock  sandstone,  flaggy,  gray,  very  hard;  carries 

Ithaca  faunule 35 

16.  Similar  to  15,  partly  hidden,  fossils  at  base,  grows  shalier 

toward  top.  These  beds  form  ridges  and  cliffs  up  hillside.  ? 

17.  Concealed 210 

18.  Trimmers  Rock  sandstone,  flaggy,  gray,  weathers  gray  to 

brown,  cross-bedded.  Some  shaly  beds 17 

19.  Concealed 36 

20.  Similar  to  18 12 

21.  Concealed 8 

22.  Shale,  gray,  rather  arenaceous 23 

23.  Sandstone,  shaly,  gray,  weathers  brown  to  white;  grades 

down  into  22,  Partly  concealed 75 
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24.  Concealed 15 

25.  Sandstone,  massive,  flaggier  upward,  gray.  This  at  “m”  of 

“Bloomsburg.”  140 

26.  Sandstone,  flaggy,  gray 40 

27.  Concealed 20 

28.  Shale,  gray,  sandy 30 

29.  Similar  to  28,  partly  hidden 119 

30.  Sandstone,  massive  to  flaggy,  gray,  partly  hidden ? 

31.  Concealed  to  culvert  “1/63”  20 

32.  Sandstone,  flaggy  to  platy,  gray  to  brown,  weathering  to 

slightly  reddish  tint,  some  greenish  interbeds,  fragmentary 
fossils 175 

33.  Sandstone,  massive,  gray,  brown-weathering 12 

34.  Sandstone,  rather  massive  to  flaggy,  chocolate-brown.  Beds 

32  - 33  - 34  mark  lowest  indication  of  Catskill  facies 10 

35.  Shale,  brown,  sandy 12 

36.  Sandstone,  massive,  brown 6 

37.  Sandstone,  choeolate-red 4 

38.  Sandstone,  flaggy  to  submassive,  brown 42 

39.  Shale,  dark  red 3 

40.  Sandstone,  massive,  brown 8 

41.  Shale,  chocolate 5 

42.  Sandstone,  massive  to  shaly,  brown,  partly  hidden 85 

43.  Sandstone,  very  massive,  brown 6 

44.  Shale,  sandy  to  platy  sandstone,  brown 28 

45.  Sandstone,  massive  to  flaggy  or  platy,  brown  with  some  green- 
ish to  gray  beds 75 

46.  Sandstone,  platy  to  submassive,  gray-brown 15 

47.  Sandstone,  platy,  chocolate-red 20 

48.  Sandstone,  flaggy,  chocolate-red,  gray  at  base 25 

49.  Sandstone,  very  massive,  gray,  brown-weathering 25 

50.  Sandstone,  flaggy  to  massive,  chocolate-red  to  brown 25 

51.  Sandstone,  mostly  massive  but  some  flaggy  beds,  brown 35 

52.  Sandstone,  flaggy  to  shaly,  brown,  partly  hidden.  Grows 

shalier  upward  ; poorly  preserved  brachiopods 95 

53.  Concealed,  probably  brown  shale 15 

54.  Sandstone,  massive,  brown,  weathers  light-gray 30 

55.  Shale,  fissile  to  sandy,  growing  platy  upward,  gray 48 

56.  Shale,  flaggy  dark  to  bright  red,  exposed  in  gully 30 

57.  Concealed 15 

58.  Shale  and  sandstone,  chocolate-red  to  dark  red 28 

59.  Sandstone,  massive,  brown 3 

60.  Similar  to  58 15 

61.  Sandstone,  flaggy,  dark  gray  or  greenish-gray  to  brown 45 

62.  Sandstone,  flaggy  to  massive,  chocolate-red  with  green  bands.  60 

63.  Sandstone,  submassive  to  flaggy,  gray 4 

64.  Sandstone  and  shale  interbedded,  dark  red,  occasional  brown 

sandstone  bands,  partly  hidden  at  culvert  “1  /84”  425 

65.  Sandstone  and  shale,  massive  to  platy,  greenish-gray.  This  is 

at  end  of  concrete  highway  at  curve  west.  Partly  concealed.  65-70 
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86.  Sandstone,  flaggy,  dark  red 

67.  Partly  concealed.  A little  dark  red  sandstone  shows.  This 
carries  section  to  Delaware,  Lackawanna  and  Western  depot 
at  Catawiissa. 

F.  Dauphin  County,  Rockville  Section 

A unique  feature  of  the  Hamilton  grouj)  of  centra]  Pennsylvania 
is  the  appearance  of  heavy,  thick,  but  local  sandstones.  This  section 
in  the  quarries  across  the  end  of  Little  Mountain,  is  used  as  an  illus- 
tration of  the  most  prominent  of  these  sandstones,  the  Montebello, 
which  occupies  most  of  the  Mahantang'o  formation  here.  This  sequence 
commences  at  the  north  end  and  terminates  in  the  small  valley  north 
of  the  Pennsylvania  Railroad  bridge,  and  traverses  the  end  of  Little 
Mountain.  It  is  found  on  the  Harrisburg  quadrangle. 


1.  Sandstone,  flaggy  to  suhmassive  with  scattered  pehhles  of 

white  quartz;  large  “Spirifer”  granulosus  in  coarser  heds.  ..  110 

2.  Sandstone,  heavy,  and  white  quartz-pebhle  conglomerate ; 
large  “Spirifer'”  granulosus,  etc.  Corals,  may  equal  Center- 

field 10 

:i.  Sandstone,  somewhat  shaly,  dark,  occasional  plant  fragments. 

Taonurus  in  shalier  beds,  brachiopods  common 15 

4.  Shale,  dark  gray,  and  sandy  shale,  vast  nnmbei-.s  of  com- 

munited  plant  fragments 18 

.'),  Sandstone,  flaggy  to  massive,  gray,  coarse;  occasional  bracliio- 

pods  and  plant  stems 42 

6.  .Sandstone,  heavy,  hard,  gray,  dense.  Fucoids  more  or  less 

carbonized  at  north  side  of  small  tunnel  in  quarry  wall 62 

7.  South  end  of  quarry.  Sandstone,  dark,  shaly,  full  of  plani 

fragments fi-f 

8.  .South  wall  of  quarry.  Sandstone,  abundant  brachiopods 1 

9.  Interval  between  northernmost  and  middle  (piarrv-.  Sand- 
stone, partly  concealed 180 

10.  .Middle  quarry.  .Shale,  xiortfv  hiddc]i 

11.  Sandstone 12'* 

12.  Southeast  corner  of  middle  quarry.  SaTidstone,  heavy,  with 

scattered  quartz  pebbles;  ‘'Spirifcr"  granulosus  ])lentiful  80 

13.  Interval  between  middle  ami  southernmost  tpiarry.  Shale, 

sandy,  dark;  partlj^  hidden l')0 

14.  Southernmost  quarry.  Shale,  dark  and  sandy  and  dark  shale, 

with  massive,  4-foot  lower  sandstone  ( Kort  lliinter  member, 
type  locality).  Taonurus  in  associated  shale.  Base  in  Mar- 
celliis  black  shale 


G.  Fulton  County,  Necdmore  Section 

Measured  in  southern  Pulton  County,  this  succession  is  one  of 
the  most  complete  of  the  Devonian  in  southcentral  Pennsylvania.  It 
is  particularly  interesting  in  its  exposition  of  the  Hamilton  lithology 
and  faunal  sequences  and  may  be  profitably  compared  with  sections 
A and  F.  The  section  commences  in  an  up-faulted  Devonian  exposure 
in  cuts  on  Highway  522  opposite  Lowery  Knob  at  the  north  end  of 
Dickeys  Mountain  and  runs  southwestward  along  the  highway.  The 
Xeedmoi'e  quadrangle  includes  this  region. 
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1.  West  edge  of  Webster  Mills,  llelderberg-  limestone  partly  e.\- 


posed  north  side  of  road tl 

2.  Concealed  at  stone  wall.  Oriskany  float .50 

3.  ^Yest  end  of  wall.  Alarcellus  (?)  shale,  l)lack,  grapliitic,  ir- 
regular fracture  and  appears  severely  ei-uslied.  Partly  hidden.  l.'> 

4.  Concealed  in  small  valley  northwaril 12.5 

.').  Cut  bank.  Shale,  thin-bedded,  olive-green,  some  dark  Marcel- 

lus-type  of  beds,  some  laminated ; a few  fairly  arenaceous. 

Only  fossils  seen  were  crinoid  "joints." 24 

6.  Marcellus  black  shale,  some  beds  weathering  to  nearh'  white 
Chips,  a characteristic  of  the  formation  in  these  parts.  Con- 
tact with  5 appears  sharp.  (.5  may  be  black  shale  of  Onon- 
daga)  14.') 


7.  Mahantango  formation  sandstone,  thin-bedded  to  platy,  olive- 
green,  brown-weathering  or  buff,  fine-grained.  Grades  down 
into  6.  Partly  hidden.  Fossiliferoiis  60  feet  above  base. 
Faunule  reminiscent  of  Fort  Hunter  member  of  Susquehanna 


Valley 155 

8.  Concealed 65 

9.  Sandstone,  like  7 but  platier  and  somewhat  coarser,  partly 

concealed,  weathers  to  dark,  irregular  pieces:  barren 95 

10.  Concealed 55 


11.  Sandstone,  platy  to  flaggy,  gray,  gnarly,  some  beds  somewhat 
fissile  and  shaly,  medium-grained,  brownish-weathering. 
Highly  fossiliferous  in  zones:  collected  at  intervals: 


1st  zone. 

40' 

below  to)),  small 

Tropiiloleptiis:  rariniitiix 

2nd  " 

180' 

" " , large 

T.  curinat 

us 

3rd  “ 

215' 

■■  ••  , large 

"Spirifer" 

HI  iicronotus 

4th  “ 

240' 

“ , pelecy 

pods 

5tb 

325' 

" . large  ' 

"Spirifer" 

III  iirr<iii(it-iis 

and  T.  carinatus.  Total  335 

12.  Sandstone,  flaggy  to  submassive,  hard,  medium  gray,  brown-  or 
gray-weathering,  medium  texture  ; barren  save  for  fucoids  and 
Taonunts 45 

Similar  to  12,  in  fact  11,  12  and  13  really  all  one  unit 38 

Sandstone,  heavy  bedded  to  massive  or  flaggy,  blue  to  olive- 
gray,  brown-weathering.  IMueh  like  underlying  units,  but 
somewhat  heavier  and  very  hard.  Fossiliferous.  "Spirifer" 

audaciiUiS,  etc.  jiresent,  also  fucoids  and  Taonurus 4o 

Sandstone,  platy,  olive-gray  or  olive,  brown-weathering. 

Chippy  to  fine  shale  beds  present  suggesting  Burket,  but  has 

Elytha  flmbriata 45 

Concealed 140 

Brallier  (and  Harrell?)  shale,  best  seen  on  old  road  grade  at 
side  of  road  north.  Characteristic  greenish  shale  and  some 
thin  sandstones.  About  10  feet  from  top  is  red-brown  shale. 

Naples  fossils  near  top.  Partly  hidden.  Thickness  about  240 
Concealed  interval  follows  about  which  nothing  could  be  ascer- 
tained, across  valley  of  Big  Cove  Creek.  Estimated  thickness  930 

Cut  banks  immediately  north  of  junction  of  Highways  522  and 
928.  Shale,  platy,  olive  to  dark  brown,  weathering  light 
brown  and  chippy.  Some  finely  arenaceous  beds.  Partly  con- 
cealed, but  appears  to  contain  some  red-brown  shale  inter- 
vals and  also  a little  Brallier  type  of  shale.  All  nearly 
barren 04 

20.  Trimmers  Kock  sandstone,  platy,  olive-brown,  rusty-weather- 
ing,  medium  text\ire,  mostly  hidden,  Ithaca  faunule  in  tiny 
gully  north  side  of  road 7.i 


13. 

14. 

15. 

16. 

17. 

18. 
19. 
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21.  Mostly  concealed  up-grade  along  new  highway  southwest- 

ward.  “Spirifer'”  disjunctus  collected  in  small,  ferruginous 
lens  4 inches  thick  in  gutter  and  a second  marine  faunule 
640  feet  above  base.  It  seems  probable  that  there  is  some 
faulting  in  this  section 875 

22.  Small  cuts.  Catskill  red  beds  with  a little  non-red,  also  small 
showings  of  gray  flags  in  highest  20  feet.  Partly  hidden.  440 


H.  Huntingdon  County,  Entriken  Section 

This  section  shows  something  of  the  Catskill  sequence  in  a region 
where  that  facies  contains  relatively  prominent  conglomeratic  bands. 
The  section  begins  at  a cross-roads  in  Little  Valley  on  Tatman  Run, 
and  continues  northwest.  It  is  on  the  Huntingdon  quadrangle. 

1.  At  cross-roads,  B.  M.  1004.  Mauch  Chunk-Pocono  contact 
here  appears  to  be  non-transitional. 

2.  Pocono  sandstone.  Thickness  not  determined.  Continuing 
down  grade. 

3.  At  secondary  road  along  west  face  of  Terrace  Moiintain. 

Highest  observed  Catskill  red  beds,  detected  by  soil  color. 

4.  Catskill  red  beds,  5/8  miles  west  of  3 ; attitude  uncertain. 

5.  Concealed  across  Juniata  Kiver,  E'aystown  Branch. 

6.  Side  road  west,  end  of  Entriken  Bridge,  road  relocated  to 
northwest.  Catskill  red  shale  in  small,  abandoned  quarry. 

7.  Eelocated  road.  Catskill  red  shale  and  a little  gray,  sandy 


shale  show  intermittently  westward 220 

8.  Continuous  with  6 downward.  Sandstone,  gnarly,  and  shale, 

olive-green  to  olive-gray,  browm-weathering 25 


9.  Conglomerate,  gray,  hard,  sandstone  matrix,  heavy  bedded, 
pebbles  fairly  well  sorted,  average  diameter  % inch,  but  occa- 
sionally up  to  1 or  1.5  inches.  Mostly  white  quartz  and  a few, 
small,  dark  ones  of  softer,  undetermined  material.  One  red 
jasper  pebble  % inch  diameter  found.  Eounding  good  in 
majority  of  pebbles  which  are  mostly  oriented  with  short  axis 


perpendicular  to  bedding;  not  a flat-pebble  conglomerate'^.  4'-9" 

10.  Continuing  along  road,  lithology  identical  with  8.  A few 

pebble  lenses  at  intervals 5'-6" 

11.  Shale,  olive-green  to  olive-brown,  brown-weathering,  weak; 

some  brown  or  gray  sandstones,  platy  to  submassive,  also 
present.  A little  dull  red-brown  shale  here.  Pebble  lenses  in 

lower  part 42 

12.  Catskill  red  sandstone  and  shale  with  occasional  brown  or 

greenish  beds 57 

13.  Concealed 25 

14.  Similar  to  12 22 

15.  Concealed 37 

16.  Similar  to  12 63 

17.  Shale  and  sandstone,  olive-gray  or  brown,  brown-weathering, 

some  red  interbeds 24 

18.  Concealed 95 

19.  Sandstone,  flaggy,  gray I 


* N.  B.  9 is  doubtless  I.  C.  White’s  Allegrippus  conglomerate  which  he 
called  the  lower  conglomerate  1000  feet  below  his  Lackawaxen.  It  lies  in 
valley  of  Raystown  Branch  and  makes  no  ridge  here.  White  (230)  re- 
ported “no  red  beds”  beneath  the  Allegrippus,  but  here  are  plenty.  He 
called  enclosing  red  beds  Catskill-Chemung,  but  I have  found  no  fossils 
in  this  section  thus  far,  though  Chemung  occurs  in  this  county. 
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20.  Shale,  brown,  weathering  to  brown  or  rust}'  chips;  thin 

sandstone  lenses.  Base  hidden 50 

21.  Concealed  along  road  for  0.3  miles.  Chemung? 

22.  ^ mile  from  bridge,  cuts..  Trimmers  Rock  sandstone,  platy  to 

flaggy,  gray,  brown  or  greenish,  weathering  rusty  or  red- 
dish; fucoids  and  crinoid  “joints.”  35 

23.  Concealed 97 

24.  Cuts  continue  west.  Sandstones  and  some  shale,  inter-bedded 

gray  and  brown.  Sandstone  flaggy  to  submassive  to  near- 
conglomerate  coarseness,  as  a 1-foot  bed  3 feet  above  base.  84 

25.  Concealed  along  road  for  0.4  mile ? 

26.  At  road  fork  and  gap  in  Piney  Ridge,  cut.  Brallier  (?) 

shale,  rather  sandy,  olive-gray,  weathering  rusty,  some  fairly 
heavy  sandstones,  but  shale  clayey 143 

27.  Brallier  shale,  olive-gray  with  a few  thin  sandstones 22 

28.  Concealed  southwestward  along  road ? 

29.  Near  school,  south-southwest  of  B.  M.  823,  cuts.  Brallier 

shale,  a few  sandstone  lenses,  greenish,  brown-weathering; 
barren 35 

30.  Concealed  at  school 85 

31.  Opposite  school,  cut.  Same  lithology  as  29 84 

32.  Concealed  around  curve  in  road,  probably  29  repeated. 

33.  At  secondary  road  intersection  mile  east  of  Entriken.  Har- 
rell shale,  rather  fissile,  dark  gray,  weathers  light-brown ; 

Naples  fauna.  Top  in  sharp  contact  with  olive-green  Brallier.  GO 

34.  Concealed.  Approximate  thickness  50 

35.  Mahantango  formation,  shale,  some  small  nodules,  olive- 

gray,  sandy,  brown-weathering,  chunk}'.  Fossiliferous 47 

36.  Mahantango  formation.  Sandstone,  hard,  flaggy,  gray. 

Taonunis.  Base  hidden 6 

37.  Concealed 195 

38.  East  side  of  railroad.  Mahantango  sandstone,  hard,  sub- 
massive,  gray  to  olive-gray,  some  platy  beds  and  nearly  fissile. 

Forms  small  ridge 23 

39.  Concealed  to  R.  R. 

40.  Cut  bank  and  abandoned  quarry  facing  R.  R.  north  of  under- 
pass and  east  of  track.  Mahantango  interbedded  flags  and 

shale,  dark  gray;  faunule  suggests  Marcellus  recurrent 25 

41.  Concealed  through  Entriken. 

42.  At  B.  M.  947,  Helderberg  limestone  in  small  knoll  or  ridge 

at  old  kiln  and  small,  abandoned  quarry 

I.  Huntingdon  County,  Shade  Valley 

Section  I is  drawn  in  a region  near  the  border  line  of  the  eastward 
extension  of  the  Chemung  sea.  Absent  here,  marine  Chemung  occurs 
in  northeentral  Huntingdon  County  and  in  Perry  County.  In  this 
section  the  Portage  passes  upward  into  red  beds.  The  facies  shift 
of  the  Portage  sandstones  and  shales  is  illustrated.  This  section  in- 
cludes the  striated  surface  from  which  it  has  been  deduced  that 
there  was  ice  in  the  Portage  sea.  This  section  follows  Highway  829 
across  a syncline  between  Shade  Valley  and  Blairs  Mills.  Prom  Blairs 
Mills  to  the  synclinal  axis,  exposures  are  few  and  poor  and  fail  to 
supply  consecutive  data.  The  section  actually  starts,  therefore,  at 
the  axis  about  1.25  miles  east  of  Shade  Valley  cross  roads  (Richdale 
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of  Second  Survey)  and  continues  east  to  Shade  Valley.  This  sequenc.e 
]dotted  from  the  ('onuty  Road  Map;  no  topo}rraphic  map. 

Feet 

1.  At  axis  of  syncline,  1.25  miles  east  of  Shade  Valley.  Cats- 

kill  sandstone,  brown  to  olive-bro\\Ti,  brown-weathering,  some 
red-brown  interbeds,  medium  coarse.  Soil  here  more  or  less 
reddish  and  dull  red  and  brown  float  rock 5 

2.  Trimmers  Kock  sandstone,  shaly  to  platy,  olive-graj',  brown- 
weathering and  buff ; some  shale  of  same  tints.  Partly 
hidden.  Small  dry  gully  north  of  road  paved  with  red-brown 
or  gray  sandstone  float,  some  of  it  fossiliferous.  No  "Spirifer” 
disjunctus  found.  Ked  beds  apparently  come  in  about  100 


feet  above  these  fossiliferous  strata.  Estimate  tliickness  115 

3.  Concealed  for  .15  miles,  valley  north  at  Sawmill  Eoad. 

4.  Trimmers  Itock  sandstone,  small  exposures  nortli  of  road, 
platy  to  shaly,  gray,  brown-rveathering,  jirobably  continuous 

with  2 " 17 

5.  Concealed  for  320  feet  save  for  occasional  small  showings 
like  4. 

0.  Intermittent  showings  of  platy  to  flaggy  sandstone,  g’ray, 

brown-weathering 45 

7.  Concealed 30 

8.  Similar  to  0,  jjartly  hidden.  A little  red-brown  sandstone 

present  in  float 35-40 

0.  Concealed 30 

10.  'ITimmers  Hock  sandstone,  platy,  hard,  gray,  brown-  to  red- 

brown-weathering.  medium  texture.  Partly  hidden  ; crinoid 
‘■joints.”  85 

11.  (Concealed 18 

12.  Sandstone  like  10  but  |)latier 13 

13.  Brallier-like  shale,  sandy,  jflaty,  olive-gray,  brown-weathering.  14 

14.  Concealed 40 


15.  Trimmers  Kock  sandstone,  flaggy  to  platy  like  12  and  13. 
gray  to  olive-gray  at  base ; middle  part  carries  20  to  30  feet 
of  rather  massive  beds;  plant  stems,  large  and  carbonized, 
mud  chip  bands,  mud  cracks,  “worm”  trails,  Fncoides  (iraphica. 


Carries  section  to  side  road 195 

16.  Concealed,  valley  with  road  north 20 


17.  Sandstone,  platy  like  15.  Exposed  bedding  surface  about  30 
by  30  feet,  striated  and  gouged  in  direction  N.  73°  W.  These 
mark  closely  similar  to  glacial  striae  and  would  be  so-called 
in  glaciated  region.  Surface  clearly  exposed  by  stripping 
during  road  construction,  but  marks  not  those  of  pick  or 
power  shovel.  Direction  of  movement  seems  to  have  been 
northw-est,  j>er  evidence  of  scratches  which  broaden  in  that 


direction.  Widest  about  1.25  inches  and  about  1/2  inch  deep, 
but  most  are  Vs  by  i/g  inches  and  all  parallel.  Hock  atti- 
tude: strike  N,37°E;  dip  26°S 98 

18.  Concealed 125 

19.  Harrell  shale,  sandy,  chippy  dark  gray;  Aulopora 10 

20.  Shale  similar  to  19,  but  lighter  and  sandier  with  VituUna 

and  other  Hamilton  fossils.  Partly  hidden 20-25 

21.  Shale,  sandjs  clayey,  platy,  light  to  olive-gray  or  buff, 

weathering  to  red  chips.  Approximately  10 

22.  Sandstone,  flaggy  to  shaly,  olive-gray,  brown-weatheiiiig. 

medium  coarse,  Hamilton  fauiiule 8 

23.  Shale,  claj'ej',  sandy,  platy,  olive-gray,  brown-weathering; 

yields  irregular  chunks V 


Keet 


24.  Sandstone,  submassive,  olive-gray,  light  brown-weathering, 

fine  texture,  fossiliferous,  Taonurus 7 

25.  Sandstone,  clayey,  shaly,  much  like  24.  T ropidoleptua  car'nw- 

tus  abundant  near  base,  suggesting-  Deep  Run  shale 40 

20.  Sandstone,  fiaggy,  olive-gray,  brown-weathering,  fine  textui-e. 

much  like  24;  fossiliferous 14 

27.  Sandstone,  massive,  gray,  browui-w-eathering,  medium  tex- 
ture  5 

28.  Sandstone,  flaggy  to  submassive,  olive-gray,  brown-weather- 
ing, medium  texture,  breaks  up  to  very  irregular  chunks.  This 


opposite  road  south.  Base  hidden  37 

29.  Partljf  hidden.  Sandstone,  platy,  olive-gray,  fine-grained. 

weathers  to  tiny  parallopipedons ; fossiliferous  00-75 

.30.  Sandstone,  flaggy  to  submassive,  olive-gray,  brown-weathering, 

medium  texture;  fossiliferous,  large  Tropidolvpl hk  9 

31.  Sandstone,  very  massive,  like  27  10 


.32.  Sandstone  and  shale  interbedded,  olive-gray  to  dark  gray-  or 
browm-weathering,  partly  concealed.  Beds  at  30,  31,  32  appear 
to  support  small  ridge  here.  This  is  characteristic  of  cer- 
tain sandstones  in  the  Hamilton  in  this  general  region  of 


central  Pennsylvania  195 

33.  Sandstone,  massive,  some  platy  interbeds,  dark-gray,  brown- 

w^eathering,  medium  texture  25 

34.  Sandstone,  like  32,  but  fiaggy ; partly  hidden  35 

35.  Sandstone,  like  33  28 

36.  Sandstone,  like  32,  jjartly  hidden,  base  concealed,  some  gnarly 
beds;  coquinte  with  large  Tropidolcpiilus,  TentacuUtcs. 
gastropods,  etc.  This  carries  section  to  school  in  main  valley 

road  to  Shade  Valley 60 

37.  Turning  north  along  Trough  Spring  Creek ; 


Quarry  at  road  side  V2  mile  north  of  school  along  near  strike 
section  therefrom.  Shale,  dark  gray,  red-brown-weathering, 
some  fracture  beds;  some  !)eds  finely  arenaceous. 

This  apjiroximately  underlies  36. 

J.  Juniata  County,  Delaware  Creek 

Section  F in  Dauphin  County  illustrates  the  eharaeter  of  the 
Montebello  sandstone  which  takes  up  most  of  the  Mahantango  forma- 
tion there.  This  sequence  shows  the  character  of  the  analogous  Turkey 
Ridge  and  Mexico  sandstones  which  locally  occupy  much  of  the  Mar- 
cellus.  The  Marcellus-Onondaga  relations  also  are  exemplified.  This 
succession  has  been  drawn  from  Thompsontown  northward  along 
Delaware  Creek  and  Highway  135  and  is  included  on  the  Millerstown 
quadrangle. 


1.  First  ridge  north  of  Thompsontown  borough  line.  Small 

showing  of  sandstone,  massive  to  fiaggy,  olive-gray,  medium- 
grained,  barren.  This  is  ridge-forming,  Turkey  Ridge  sand- 
stone   3,5 

2.  Concealed;  road  crosses  valley  of  Delaware  Creek  385 

3.  Road  cuts  an  abandoned  quarry  at  point  where  curve  has  been 

eliminated.  Sandstone,  massive,  olive-graj',  brown-weather- 
ing, medium  coarse.  May  be  continuous  with  1,  but  higher.  35 

4.  Concealed;  probably  same  as  3 

5.  Sandstone,  fiaggy  to  platy,  olive-gray,  brown-weathering, 

medium  grained;  partly  hidden,  local  crumplings  and  dis- 
tortion   -,0 
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6.  Concealed  70 

7.  Abandoned  quarry.  Sandstone,  platy  to  shaly,  gray,  brown- 

weathering, upper  beds  weather  brown  on  bedding  surfaces, 
locally  distorted.  Mexico  sandstone  100 

8.  Eoad  cuts  continuous  with  abandoned  quarry  at  7.  Sandstone, 


massive  to  flaggy,  very  hard,  gray,  dark-brown-weathering. 


medium  to  coarse  texture.  Some  beds  verge  upon  flne  con- 
glomerate with  occasional  white  quartz  pebbles  up  to  %-inch 
diameter.  These  beds  assigned  to  Turkey  Ridge  sandstone  as 
equal  to  numbers  1,  2 and  3 on  opposite  limb  of  syncline.  All 
barren  so  far  in  this  section  130 

9.  Concealed  along  road  for  0.2  mile  ? 

10.  At  road  fork  at  Goodville.  Small  cuts.  Sandstone,  olive-gray, 

massive  to  flaggy,  fairly  coarse  and  partly  hidden  100 

11.  Continuous  with  10.  Sandstone,  platy,  gray,  brown-weather- 
ing, poor  showing;  probable  fault  south  of  here  10 


12.  Continuing  around  bend  in  road.  Mexico  sandstone  again 
seen,  re-introduced  in  section  by  faulting,  all  beds  barren. 
Showing  poor  in  weathered  bank. 

13.  Concealed  to  next  turn  north  in  road  at  secondary  road  from 
south ; cuts.  Sandstone,  massive  to  flaggy,  breaking  up  to 
large,  irregular  blocks ; gray  to  olive-gray,  dark-brown- 
weathering,  coarse.  Showings  poor,  appears  to  be  repetition 
of  beds  to  south  through  overturned  fold. 

14.  Concealed  to  next  road  from  west.  Probably  platy  sandstone. 

15.  Turkey  Ridge  sandstone  again  exposed.  Massive,  gray  to 
olive-gray,  brown-weathering,  coarse.  Here,  as  this  member 
rises  again,  it  produces  small  ridge. 

16.  Concealed,  probably  all  platy  sandstone  to  next  cross-road. 
Massive  sandstone  float  seems  to  imply  Turkey  Ridge  mem- 
ber once  more  rising. 

17.  At  cross-roads,  road  cuts  at  southwest  corner.  Shale,  black, 
fissile,  somewhat  finely  arenaceous.  Evidently  more  nearly 
conventional  type  of  Marcellus  shale.  Shows  also  in  small. 


abandoned  cjuarry*  18 

18.  Concealed  across  brook  and  at  road  side 45 

19.  Shale  as  at  17  8 

20.  Concealed  15 


21.  Shale  as  at  17,  but  platy  rather  than  fissile.  The  total  lower 
Marcellus  black  shale  (Shamokin)  appears  here  to  be  about 
116  feet  thick.  It  passes  into  a sheared,  unsymmetrical  fold 
which  brings  up  the  Onondaga  (Selinsgrove)  non-cherty  lime^ 
stone. 

22.  Sandstone,  platy,  friable  or  breaking  into  rectangular  bits, 
pepper  and  salt  to  butf  color,  brown,  or  rusty-weathering, 
medium  coarse,  weak,  crushed ; in  sharp  contact  with  under- 
lying limestone,  but  merges  upward  with  the  lower  Marcellus 


(Shamokin)  black  shale  1'  4" 

23.  Onondaga  (Selinsgrove)  limestone.  Massive  beds  alternate 
with  platy  or  shaly,  very  dark,  weathering  light,  somewhat 
sheared.  No  chert,  but  sometimes  tiny  quartz  crystals  abund- 
ant ; nodules  and  stylolites.  Base  hidden.  Exposed  4 


* N.  B.  The  Marcellus  shale  throughout  this  region  appears  to  lack 
slaty  cleavage  and  concretions  observable  elsewhere.  Likewise  there  are 
no  sooty  beds  of  the  Union  Springs  type.  Being  also  barren,  it  suggests 
the  Chittenango  shale  of  New  York. 
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24.  Limestone  passes  down  into  limy,  dark  shale  north  along’ 

road.  This  shale  weathers  greenish  and  is  assigned  to  the 
Needmore  member.  Occasional  bands  of  good  limestone  are 
present.  Fossils  in  greenish  shale  32  feet  below  top.  Base 
hidden  

25.  Oriskany  (Shriver?)  chert,  light  colored,  below  Onondaga 
limestone,  but  none  surely  in  place. 


Feet 


42 


K.  Lycoming  County,  Larrys  Creek 

In  this  succession,  only  the  Portage  group  is  included.  The  sec- 
tion shows  the  passage  downward  from  the  sandstones  through  green 
Brallier,  gray  Harrell  and  finally  black  Burket  shales,  to  the  Tully 
limestone.  The  limestone  is  here  exposed  in  its  thickest  known  sec- 
tion in  Pennsylvania.  The  section  follows  the  line  of  the  New  York 
Central  Railroad  and  the  bank  of  the  Susquehanna  River  south  from 
Larrys  Creek  depot  on  the  Williamsport  quadrangle. 

1.  South  from  Larrys  Creek  depot  (this  is  the  building  nearest 
the  creek  on  the  map),  600  feet  cut;  Trimmers  Rock  flaggy 
sandstone  plus  considerable  Brallier  type  shale.  This  shale 
and  platy  sandstone  dominate  along  the  track  southward  for 

400  feet  277 

2.  Partly  concealed ; probably  similar  to  1 ? 

3.  Similar  to  1,  but  flaggier,  less  shale  and  some  heavy  sand- 

stone beds  in  upper  part.  Pteridichnites  and  woody  frag- 
ments present  in  shale  165 

4.  Concealed,  gully  with  ancient,  abandoned  kiln.  Probably 

there  is  faulting  here.  Approximate  thickness  75 

5.  Shale,  platy  to  fissile,  with  a few  sandstone  lenses,  dark  gray 

to  gray-green,  Pteridichnites.  Evidently  these  beds  are 
Brallier  but  partake  of  Trimmers  Rock  lithology  in  a measure  12 

6.  Concealed.  Possibly  some  faulting  here  75 

7.  Tully.  Uppermost  beds  shale,  gray  to  greenish,  limy  with  a 
few  arenaceous  beds,  corals  plentiful.  Below,  passes  into 
platy  limestone.  Considerably  distorted  as  rises  in  broad, 
low  anticline  whose  south  limb  passes  under  valley  with  brook 
from  Martins  School.  This  unit  may  be  readily  mistaken  at 
first  glance  for  the  Helderberg.  Fossils  very  rare  except  at 
top,  in  about  5 to  10  feet  of  shaly  limestone.  In  the  south 

limb  an  Atrypa  and  coral  zone  noted  about  5 feet  below  top  145 

8.  Concealed  in  gully.  Thickness  ? 

9.  Beginning  long  cut.  Brallier  shale  again  comes  down  to  track 
level ; sandy  to  fissile  and  some  sandstone  lenses,  olive-gray. 

One  massive  sandstone  bed  about  twenty  feet  above  base. 

Large  fucoids.  Exposed 50 

10.  Fault  zone.  At  least  two  faults  here,  but  aggregate  move- 
ment probably  not  greater  than  a few  feet. 

11.  Number  9 lothology  repeats  south  of  fault  zone,  but  lower 

in  sequence  98 

12.  Harrell  shale  conformable  with  Brallier  of  11 ; a little  sand- 
stone, platy  to  shaly,  gray,  grows  blacker  below,  shalier; 
fissile  forty  feet  below  top.  The  upper  forty  feet  are  there- 
fore assigned  on  lithology  chiefly  to  the  Harrell;  the  re- 
maining sixty-odd  feet  to  the  Burket.  The  black  Burket 

shale  is  considerably  distorted  and  faulted.  Approximately.  100 

13.  Continuing  south.  Tully  limestone  again  rises  in  a second, 

and  sharper,  anticline ; Burket  and  Tully  in  normal  contact 
at  north  end  of  north  limb  where  a fault  cuts  the  lower 
Burket.  Base  of  Tully  hidden,  minimum  thickness  240 
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L.  Monroe  County,  Brodhead  Creek 

Section  L has  many  concealed  gaps,  but  nevertheless  records  fea- 
tures of  the  Devonian  that  are  all-important  in  eastern  Pennsylvania. 
Thus,  the  Onondaga  group  may  be  observed  where  it  consists  of  the 
Esopus  shale  and  the  cherty  Buttermilk  Falls  limestone.  The  most 
fossiliferous  Marcellus  in  the  State,  the  Laurens  member  with  its 
Tully  elements  at  the  base  of  the  Trimmers  Koek  sandstone,  the  type 
region  for  the  Analomink  red  shale,  all  lie  in  this  section.  The  section 
starts  south  of  Stroudsburg  and  runs  north  along  Brodhead  Creek 
valley  to  Analomink.  Tt  is  in  the  Delaware  AVater  (tap  and  Bushkill 
((uadrangies. 

Feet, 

1.  Base  of  Godfrey  Bidge,  south  of  Stroudsburg'  on  Highway  611. 
Onondaga  (Buttermilk  Falks)  cherty  limestone  in  small  ex- 
posure. This  overlies  the  Esopus  which  is  well  exposed 
south  on  the  ridge  in  road  cuts  and  is  there  fossiliferous 
witli  an  Onondaga  fauna. 

2.  Concealed  across  flat  into  Hitroudsburg'. 

.'i.  At  Plrie  (formerly  New  York,  Susc|uehanna  and  Western)  K. 

It.  station  at  Stroudsburg;  cut.  Onondaga  grouj)  (Butter- 
milk Falls  limestone)  exposed  along  south  side  of  track  in  cut  : 
non-cherty,  fossiliferous;  dij)S  rather  steeply  north,  top  hidden. 

I.  Bed  of  YIcMichaels  Creek  south  edge  of  Stroudsburg  busi- 
ness center  and  about  100  yards  north  from  3.  Transitional, 
Onondaga-Mareellus  contact,  the  dark-gray  limestone  passing 
upward  into  black  shale  with  lig'ht-colored,  limy  bands.  Di]) 
flattens  northwarri 

■).  Concealed  tlirougli  Stroudsburg 

6.  Quarry  north  side  of  Stroudsburg  west  from  Highway  90 ; 

-Marcellus  black  shale,  slaty  cleavage,  small  siderite  (?) 
concretions;  highly  fossiliferous  tliroughout.  Flxposed  ....  3.") 

7.  Concealed  north  along  Highway  90. 

S.  Beservoir  Hill  north  of  Stroudsburg.  Xo  exposures,  but 
l)lack",  Vlarcellus  shale  excavated. 

9.  1.4  mile  north  of  6 on  Highway  90,  opposite  school  (Bush- 

kill  ((uadrangle)  small  cuts.  Marcellus  blacl<  shale,  some  linely 
arenaceous,  weathered,  sheared  beds. 

10.  0.6  miles  north  of  9,  on  Higlnvay  90.  Abandoned  quarry  east 
of  road.  Marcellus  black  shale,  more  or  less  banded,  the 
banding  showing  best  on  weathered  faces,  sheared,  fossilifer- 
f)us  as  at  6. 

11.  0.7  miles  north  of  9,  small  cuts  along  Highway  90.  Black 
shale,  barren.  Passes  immediately  up  into  gray  sandstone, 
so  that  the  presumption  is  that  the  shale  is  approximately 
the  top  of  the  Ylarcellus  if  not  actually  lower  Mahantango 
( Skaneateles) . The  Marcellus  thus  crops  out  along’  a hori- 
zontal distance  of  2.7  miles  per])endicular  to  the  strike. 
However,  all  exposures  are  small,  and  some  very  poor.  Calcu- 
lating the  thickness  it  a])])ears  to  be  of  the  order  of  800  to 
900  feet. 

12.  Mahantango  formation.  Sandstone,  tine,  gray,  partly  hidden, 

overlain  by  dark-gray  to  black,  very  fine-grained  and  finely 
laminated  sandstone  weathering  brown  or  light-gray ; 
''Sitirifer”  mucronatus,  etc.,  present.  This  is  the  lo'west  Ma- 
hantango faunule  (“Hamilton”  facies).  These  lower  Mahan- 
tango beds  have  few  fossils,  until  about  165  feet  above  base, 
where  a fairly  abundant  faunule  assigned  to  the  Skaneateles 
faunal  facies  appears  in  a five-foot  bed  


165 


Feet 


13.  Concealed  

14.  Highway  90,  jog  in  road  southeast  of  knoll  two  miles  from 

Stroudsburg.  Mahantango  sandstone,  dark-gray,  weathering- 
lighter,  fairly  coarse ; quite  fossiliferous  V 

15.  Concealed  save  for  small  showings  like  14  3.5 

16.  Mahantango  sandstone  similar  to  lower  beds  but  finer,  sheared 

at  right  angles  to  bedding;  bari'en  36 


17.  Concealed  to  Centerfield  coral  reef,  save  for  Insigniticant  show- 
ings. No  fossils  seen  in  place,  attitude  dubious.  Thickness. 

18.  Centerfield  coral  reef.  Shaly  matrix,  gray-brown,  somewhat 
sandy,  full  of  great  variety  of  fossils ; lower  3-4  feet 
carries  relatively  few  fossils ; remainder  honeycombed  in 
weathered  parts,  although  fresh  rock  massive  and  limy,  brown 
shale.  Fossils  well-preserved  and  not  much  battered  or  com- 
minuted. The  reef  is  not  a coquinite.  Continues  up  intt) 
brown,  rather  sandy  shale,  top  hidden.  iMarks  approximate 


base  of  Ludlowville  18 

19.  Concealed;  brings  section  to  point  where  road  nears  creek..  T 

20.  Sandstone,  dark-gray,  sheared,  much  like  14,  partly  hidden..  17 

21.  Continuous  with  20.  Similar  l)ut  finer  grained  with  large 
storm  rollers.  This  carries  section  around  point  almost  to 

first  brook  at  house.  Nearly  barren  15 

22.  Concealed  260 

23.  Cuts,  several  small  exposures  along  west  side  road.  Sand- 
stone, gray,  medium  to  fine-grained,  fossiliferous  13 

24.  Concealed  for  about  0.1,5  miles  


25.  Road  west  to  Eartonsville.  North  side  of  road,  ledges  of 

Mahantango  sandstone,  dark-gray,  brown-weathering,  rather 
coarse  

26.  Concealed  to  bridge  over  Brodhead  Creek.  Ledges  under 
bridge  and  below  it  carry  highest  Hamilton  faunule  found  in 
this  section. 

Turning  east  and  crossing  the  valley  of  Brodhead  Creek  and 
the  K.  II.,  Highway  90  intersects  Highway  190  a little  north 
of  east  from  26  and  a trifie  higher  in  section,  though  the 
precise  difference  is  indeterminate. 

27.  Intersection  of  Highways  90  and  190;  cuts.  Trimmers  Bock 
sandstone;  fairly  abundant  fossils,  including  at  base  Tully 
elements  and  correlated  with  the  Laurens  member  of  Ne^^ 
York  State.  The  detailed  sequence  is: 

Feet 

I).  Top,  light-gray,  hard,  fiaggy  sandstt)ne,  shale 


above  12 

C.  Partly  hidden,  shaly  sandstone  20 

B.  Brown  shaly  sandstone  28 

•C.  Base;  gray,  hard  sandstone  1.5 


A,  B,  and  D are  fossiliferous,  the  upper  fossils  Ithaca,  Tully 
below.  Exposures  continue  north  for  about  200  feet. 

28.  Concealed  for  4.0  miles  north  along  Highway  190. 

29.  Cuts  east  side  of  road  near  Analomink  switch  tower  on  Dela- 
ware, Lackawanna  and  Western  Railroad.  Road  makes  S- 
turn.  Trimmers  Rock  sandstones,  platy,  hard,  some  heavy 


beds,  dark-gray  4k 

30.  Concealed  for  about  1.5()0  yards. 

31.  Trimmers  Rock  sandstone,  heavy,  dark-gray  to  slightly  olive, 

light-gray-weathering,  rather  coarse  22 
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32.  Partly  concealed  northward.  Scattered  exposures  like  32  for 
^2  naile  to  turn  or  road  east  at  Analomink,  where  the  lith- 
ology changes  to  cross-bedded,  gray  to  greenish-gray  flags 
and  heavy  sandstones  suggestive  of  Delaware  Eiver  flags. 

These  beds  are  overlain  by  the  first  red  in  this  section,  the 
Analomink  red  shale  (type  locality). 

M.  Northumberland  County,  South  Danville  Section 

Section  M is  interesting  in  that  it  includes  the  locality  and  expo- 
sure where  the  Tully  was  first  fully  authenticated  in  Pennsylvania. 
There  are  presented  here  the  Hamilton-Tully-Burket-Upper  Portage 
relations  and  sequence  and  the  Portage-Catskill  transition  as  typically 
as  any  central  Pennsylvania  sequence.  The  Portage  is  mostly  sand- 
stone, showing  displacement  of  the  shaly  facies  eastward.  The  se- 
quence runs  from  South  Danville  depot  on  the  Pennsylvania  Eailroad 
southeastward  along  Highway  54  and  the  railroad  and  river  bank. 
It  is  on  the  Shamokin  quadrangle. 

1.  Marcellus  shale,  black,  fissile,  sharply  separated  from  over- 
lying  beds.  Continuous  to  small  brook  opposite  depot,  but 


base  hidden.  Pencil  fracture  340 

2.  Road  cuts.  Mahantango  shale  little  exposed,  finely  arenace- 
ous to  shaly  sandstone,  gray,  brown-weathering,  sheared  and 
jointed.  Calculated  thickness  810 


This  carries  section  to  within  225  feet  of  brook  0.6  mile 
above  bridge.  Lower  beds  appear  to  be  nearly  barren  save 
for  some  plant  stems.  Top  concealed.  Mahantango  facies 
fauna  about  100  feet  below  top.  Some  black  shale  in  midst 
suggests  recurrent  Marcellus  conditions. 

3.  Continuing  southeast  along  highway.  Mahantango  sand- 
stone, gray,  fine-grained  to  shaly,  chunky  fracture ; Tropido- 


leptus  and  Amhocoelia  abundant 87 

4.  At  brook,  secondary  road  up  valley  exposes  dark,  chunky, 
shaly  sandstone  with  Mahantango  facies  fauna ; Taonurus 
common.  Beds  about  equal  top  of  3. 

5.  Concealed  in  valley  75 

6.  Mahantango  sandstone,  fine,  dense  to  shaly,  very  dark  gray 

and  a little  dark  shale  in  lower  3 to  4 feet,  but  sandier 
above.  VituUna  in  dark  shale  in  upper  part  implies  top  of 
Hamilton  group  (Moscow  faunal  facies)  47 

7.  Tully  limestone,  shaly,  gray,  sheared ; fossiliferous.  Hypo- 

thyridina  present,  along  with  other  characteristic  Tully  fos- 
sils. This  is  the  first  locality  at  which  Tully  was  fully  es- 
tablished in  Pennsylvania  10 

8.  Tully  shale,  limy,  gray,  nearly  barren  13 

9.  Burket  shale,  fissile,  black,  weathering  dark  gray,  intergrades 

with  8 and  apparently  barren  78 

10.  Sandstone,  shaly,  dark,  much  like  9,  but  pencilly  fracture 
and  weathers  dull  brown  and  presumably  is  of  Burket  or 
Harrel  age ; barren  147 


11.  Trimmers  Eock  sandstone,  flaggy  to  platy  and  some  dark 
shaly  portions ; gray,  in  lower  part,  barren  save  for  crinoid 
“joints,”  but  fossiliferous  zones  upward,  thus : 

Zone  1,  95  feet  above  base : Aulopora 
Zone  2,  163  feet  above  base ; Ithaca  faunule 
Zone  3,  280  feet  above  base : crinoid  “joints” 

Zone  4,  310  feet  above  base:  coquinite 
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Top  concealed.  Carries  section  to  small  brook  opposite  State 
Hospital.  Fossils  at  the  top  as  exposed. 

Zone  5,  430  feet  above  base : Ithaca  faunule 

12.  Concealed  interval  to  near  top  of  first  hill  southeast  of  11; 
cuts,  slumped. 

13.  Interbedded  light,  olive-gray  and  buff  sandstone  and  shale 

weathering  light  brown  or  rusty.  Shale  dominates.  Two  to 
3-foot  red  shale  in  lowest  part  followed  by  faunule  with 
‘'Sph'ifer”  mesacostalis  and  “/S'.”  mesatrialis  abundant  

14.  0.1  mile  beyond  12  at  cross-roads.  Small  showing  of  red  beds 
presumably  in  place.  From  here  on  red  beds  dominate  in 
intermittent  showings  to  bridge  over  Koaring-  Creek. 

N.  Perry  County,  Juniata  Valley  East 

Section  N is  the  most  entire  and  in  many  respects  the  finest 
Devonian  sequence  to  be  seen  anywhere  in  Pennsylvania.  Starting 
well  up  in  the  Catskill,  a complete  sequence  is  recorded  down  to  and 
including  the  top  of  the  Helderberg.  The  various  contacts,  transi- 
tions, and  faunal  features  are  unusually  good,  and  for  structure,  none 
of  our  Devonian  sequences  better  illustrate  so  clearly  both  folding 
and  faulting.  This,  of  course,  is  Section  4,  Figure  88,  here  recorded 
in  full  detail.  This  section  starts  at  the  first  exposures  along  High- 
way 22  north  of  Amity  Hall  and  continues  up  the  east  bank  of 
the  Juniata  River  to  Half  Falls  Mountain.  All  exposures  are  in  the 
New  Bloomfield  quadrangle. 

The  first  exposure  is  about  i/4  mile  north  of  the  highway  intersection 
at  Amity  Hall.  Although  this  section  starts  in  the  Catskill,  it  should 
be  observed  that  the  beds  of  this  facies  continue  south  far  up  the 
north  slope  of  Peters  Mountain  at  the  confluence  of  the  Susquehanna 


and  Juniata  Rivers. 

1.  At  rise  above  river  flat  mile  north  from  Amity  Hall.  Cats- 

kill sandstone,  red,  interbedded  with  thin  beds  of  gray  to 
brown  sandstone,  sheared  15 

2.  Sandstone,  flaggy,  gray  to  brown,  weathering  rusty,  directPv 

underlies  1 in  small,  abandoned  quarry  opened  on  a small 
anticline  16 

3.  Sandstone,  shaly  to  flaggy,  brown;  underlies  2 and  overlies  4.  12 

4.  Sandstone,  fairly  massive,  brown  to  gray  3 

5.  Concealed  in  gully  3-4 

6.  Sandstone,  quite  massive,  forms  small  cliff  at  north  side  of 

gully;  grayish,  brown-weathering;  base  shaly 15 


The  above  units  repeat  in  the  north  limb  of  the  anticline. 
Carries  section  several  hundred  feet  north  to  road  east  at 
first  brook. 

7.  Cliff,  south  side  of  first  brook  at  secondary  road  from  east. 
Catskill  sandstone,  shaly  with  shale  partings,  red.  Precise 


equivalence  to  beds  to  south  uncertain  12 

8.  Continuous  with  7,  similar  but  shalier  27 

9.  Sandstone  fairly  massive,  greenish,  brown-weathering  1/2 

10.  Shale,  fissile,  greenish,  sheared,  grades  into  9 1/2 

11.  Sandstone,  shaly,  red,  some  brown  sandstone  bands  8 

12.  Shale,  greenish  with  3-inch  sandstone  at  top 2/3 

13.  Shale,  some  sandy  beds,  red  40 


Feet 

453 

125 
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14.  Shale,  greenish-yellow,  double  band  separated  by  a red  shale 

parting  

15.  Shale,  some  sandstone  bands,  red  

16.  Concealed  for  about  320  feet. 

17.  Continuation  downward  of  15.  Sandstone,  shaly,  red.  This 

unit  lies  nearly  flat  for  several  hundreds  of  feet.  In  it  may 
be  seen  a gray  sandstone  lens  north  of  the  axis  of  a small 
anticlinal  fold.  These  beds  contain  plant  fragments.  Brown- 
ish shale  lenses  appear  also  and  have  the  aspect  of  cross- 
sections  of  channel  deposits.  The  non-red  beds  are  in  uncon- 
formable  relations  wdth  the  underlying  red  

18.  In  this  interval  the  beds  repeat  themselves,  first  dipping 
gently  northward,  and  then  are  thrown  into  a series  of  small 
but  close  folds.  The  structures  may  be  followed  by  observing 
certain  thin,  olive-brown  shale  bands  which  rise  and  fall 
with  the  folds.  These  are  ])robably  lenticular,  or  extend 
for  only  a relatively  small  distance,  and  are  unreliable  for 
key  beds  save  very  locally 

19.  Concealed  

20.  Catskill  sandstone,  shaly,  dark-gray  to  nearly  black,  brown- 
weathering. Abnormal  color  is  due  to  contact  wdth  21.  No 
doubt  there  is  faulting  here,  but  the  extent  is  unobtainable, 
though  it  is  inferred  to  he  of  the  order  of  some  tens  of  feet . 

21.  Triassic  “diabase”  dike.  Finely  crystalline  suggesting  a 

diorite.  Nearly  black,  weathers  to  buff-yellow  or  rusty  soil. 
As  it  here  appears  to  run  nearly  parallel  to  the  bedding  it  is 
perhaps  more  truly  a sill  locally.  This  is  believed  to  be 
the  same  dike  that  has  been  intermittently  “picked  up”  acro.s.s 
Ferry  County  south  into  Cumberland  wdiere  it  produces  Iron- 
stone Ridge  

22.  Catskill  shale,  dark,  buff-weathering;  much  sheared  and 

baked.  This  and  20  show  considerable  alteration  through 
contact  metamorphism  with  the  dike,  21  

23.  Shale,  sandy,  massive,  red  

24.  Shale,  fissile,  red,  partly  hidden,  folded  

25.  Shale,  sandy,  brown;  crumpled  red  shale  inferbedded.  Ap- 
proximately   

26.  Shale,  brown,  No.  25,  repeats  through  relatively  close  fold- 

ing and  probably  in  part  equals  18  lithologic  sequence,  in- 
cluding local  key  beds  

27.  Shale,  somewhat  sandy,  greenish ; calcareous  shell  fragments, 

presumably  an  incursion  of  the  Chemung  sea  

28.  Shale,  sandy,  partly  sub-massive,  but  dominantly  fissile,  red, 

brown-weathering  

29.  Sliale.  fis.sile,  yellow-green  

30.  Shale  and  sandstone,  red  

31.  Shale,  fissile,  yellow-green  

32.  Shale,  some  sandy  beds,  red  

33.  Concealed  

34.  Re]>etifion  of  32  in  fold;  small  fhrust  fault  here  

35.  Concealed.  A])j>roximately  

36.  Shale,  quite  fissile,  it  tends  to  form  “slate  pencils,”  some 

massive  sandstone  bands,  gray  to  brown,  weathering  dark 
brown  or  rustj'  

37.  Similar  to  36,  without  sandstones  
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38.  Sandstone,  massive,  red  to  red-brown ; some  interbedded 

brown  shale  like  36  and  a little  green  shale  with  fossils  be- 
lieved to  be  Chemung  23 

39.  Concealed  130 

40.  Sandstone  and  shale  interbedded,  red  15 

41.  Concealed  115 

42.  Shale,  a few  massive  sandstone  bands ; brown,  weathering 

darker,  resembles  36,  whch  it  may  equal  as  structure  in 
concealed  intervals  unknown  20 

43.  Eepetition  of  42  by  folding ; then  red  sandstone  and  shale. 

Probable  faulting.  Near  top  of  these  red  beds  is  conglom- 
eratic band  with  white  quartz  pebbles  30 

44.  Sandstone,  massive,  gray,  grading  laterally  into  red 3 

45.  Sandstone,  flaggy,  brown  3 

46.  Shale,  like  43  15 

47.  Sandstone,  like  45  li/a 

48.  Shale,  sandy,  red;  grows  massive  near  base  13 

49.  Shale,  like  45,  but  somewhat  browner  12 

50.  Sandstone,  shaly,  red ; some  greenish  bands  with  Chemung 

fossils  18 

51.  Sandstone,  massive,  with  interbedded  shale,  brown.  Lower 

half  massive  12 

52.  Shale,  sandy,  alternating  red  and  green.  Partly  concealed..  10 

53.  Partly  hidden,  probably  equals  52,  continued  downward....  30 

54.  Shale,  brown,  pencil  fracture  10 

55.  Sandstone,  massive  red  7 

56.  Shale,  like  54,  but  with  massive  3-foot  sandstone  in  middle...  16 

57.  Shale  and  sandstone,  alternating,  red  8 

58.  Shale,  greenish,  barren  3 

59.  Sandstone  and  shale,  red  35 

60.  Sandstone  and  shale,  brownish-gray,  partly  hidden 30 

61.  Concealed ; valley  occupied  by  secondary  road  about  1/2  mile 

south  of  point  opposite  Losh  Run  Station 110 

62.  Sandstone,  somewhat  shaly,  chocolate-brown,  fossiliferous 

with  what  is  thought  to  be  Parkhead  faunule 25 

63.  Partly  concealed,  a few  small  exposures  of  gray  or  greenish 

shale  and  shaly  sandstone  and  chocolate-tinted  beds 123 

64.  Sandstone,  shaly  to  flssile,  gray,  some  chocolate-brown  inter- 
beds, brown-weathering.  Base  rather  massive  60 

65.  Shale,  flssile,  olive-gray  to  greenish,  weathering  dark  brown, 
some  greenish  bands ; fossiliferous,  Ithaca  faunule.  These 

beds  belong  in  upper  Trimmers  Rock  sandstone  75 

66.  Sandstone  similar  to  65,  but  more  massive  30 

67.  Shale,  with  sandy  beds,  chocolate-brown  20 

68.  Shale  and  sandstone  interbedded,  brownish.  This  is  at  south 

end  of  high  cut  cliff  opposite  Losh  Run  10 

69.  Shale,  arenaceous,  flssile,  gray,  brown-weathering ; olive-gray 

sandstone  at  base.  Crinoid  “joint”  zone  10  feet  below  top..  15 

70.  Shale,  with  sandstone  lenses,  chocolate-brown  8 

71.  Shale,  quite  sandy  to  massive,  some  finely  laminated,  olive 
sandstone  lenses,  a few  gray  sandstone  lenses  and  a little 
olive  shale,  otherwise  chocolate ; bryozoa  and  frag-mentary 
brachiopods  at  top,  crinoid  “joint”  zones  5 and  10  feet  below 

top  28 
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72.  Sandstone,  even-bedded,  olive-gray  to  chocolate;  beds  appear 
to  change  color  laterally  and  contain  two  small  lenses  of 


comminuted  shell  fragments  5 and  6 feet  above  base  Ha 

73.  Sandstone,  very  massive,  gray  to  brown;  large  crinoid 

“joints”  to  1.5  inches  in  diameter  and  shell  fragments  at  base  2 

74.  Sandstone,  shaly,  chocolate,  contorted  locally,  jierhaps  con- 

cretionarj’  or  storm  rollers.  Highest  jioint  in  cliff  (i 

75.  Sandstone  similar  to  72.  Scattered  crinoid  “joints”  in  upper 

5 to  10  feet ; lenses  of  comininuteil  fossils  occasional,  includ- 
ing bryozoa,  etc 125-130 

76.  Sandstone,  massive,  olive-gray  6 

77.  Sandstone,  flaggy  to  shaly,  some  massive  bands,  olive-gray, 
brown-weathering  or  rusty,  may  weather  light-gray  locally ; 
coquinite  lenses;  fossils  chiefly  in  lower  third  in  lenses  to 

1 inch  thick  90 

78.  Sandstone,  flnely  laminated,  flaggy,  dark-gray.  Bryozoa  n 

band  2 feet  below  top  30 

79.  Sandstone,  quite  massive,  zone  of  2-foot  storm  rollers,  graj’, 

brown-weathering.  This  is  at  deejj  gully  with  dry  steam  op- 
posite Losh  Bun  station  , 28 

80.  Sandstone,  flaggy,  gray  to  brown,  weathering  in  brown, 

coquinite  4 feet  above  base  2.) 

81.  Sandstone  similar  to  78  15 

82.  Sandstone,  massive,  brown  2Vt 

83.  Sandstone,  shaly,  weak,  gray,  weathering  darker  gray  or 

rusty;  crinkled;  fossils  at  top  150 

84.  Sandstone,  massive,  brown  18 

85.  Sandstone,  flaggy,  brown  25 


This  carries  section  north  to  point  o))posite  Losh  Kun. 

86.  ('oncealed  in  valley  

87.  Shale,  sand.v,  dark-gray,  weathering  brown,  passes  down- 
ward into  sandstone.  This  is  the  Losh  Run  shale,  type  lo- 
cality. Very  fossiliferous,  Reticularia  laevis  zone.  The  upper 
10  to  15  feet  are  the  true  Losh  Kun.  Lower  part  highly  con- 
torted and  thickness  indeterminate.  .Minimum,  estimated 


thickness:  100 

88.  Shale,  sandy  and  much  like  87  but  liner  grain  and  thinner 

bedding  to  fissile.  Some  beds  platy.  These  l)eds  are  best 
assigned  to  the  Brallier  100 

89.  Sandstone  with  much  shale,  some  flaggy  to  nearly  massive 
beds;  a massive  1-foot  sandstone  at  top;  gray,  brown-weatber- 
ing,  lower  portion  gray.  Evidently  equivalent  to  Harrell  shale, 

but  sandy,  as  here  and  in  lower  beds  a Naples  fauna  obtains.  155 

90.  Sandstone,  massive,  brown  4 

91.  Shale,  somewhat  sandy,  fissile,  pencil  cleavage,  weathers  to 

soft,  loose  slop>e,  black  when  fresh.  RtylioUna  and  Biichiola 
present.  This  is  Burket  and  unusually  thick  200 

92.  Shale,  fissile,  gray  with  thin  limestone  bands  or  nodular  zones. 

Tully  fauna  abundant  10 

93.  Shale,  gray,  fossiliferous,  Vitiiliini  zone  marking  top  of  Hamil- 
ton. Contac't  with  92  sharp  15 

94.  Concealed,  valley  with  short,  secondary  road  below  terry  of 

map  (New  Bloomfield  quadrangle)  65 

95.  Shale,  similar  to  93,  but  more  fissile,  dark-gray  130 

96.  Sandstone,  massive,  heavy-bedded,  gray,  brown-weathering, 
medium-grained.  Tliis  marks  top  of  Montebello  sandstone.. 
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97.  Sandstone,  flag-gy  to  shaly,  gray  It 

98.  Shale,  weak,  fissile,  brown  20 

99.  Sandstone,  massive  to  flaggy,  gray,  weathering  brown,  partly 

concealed.  Approximately  30 

]00.  Shale,  similar  to  98  0 

101.  Shale  and  sandstone  interbedded  similar  to  98  and  99....  3") 

102.  Sandstone,  massive  to  flaggy,  light  gray,  weathering  same, 

but  with  iron-stain,  a few  scattered  pebbles ; exposed  in  small 
anticline 23 


10-3.  Concealed,  valley  east  at  turn  of  road.  Shale  and  sandstone 
appear  to  underlie  this  as  lO'l  and  102  go  down  and  rise  again. 

104.  Concealed  for  .2  miles.  Presumably  the  upper  Hamilton  shales 
underlie  this  area. 

10.5.  First  ridge  south  of  Half  Falls  Mountain.  Sandstone,  mass- 
ive to  flaggy,  gray,  brown-weathering,  evidently  same  as  at 
10-2,  etc.,  or  a little  lower.  This  is  part  of  the  main  body  of 
the  Montebello  sandstone  8-10 

10-6.  Shale,  sandy,  gray-brown,  weathering  dark-brown  to  rusty- 


black;  casts  of  shells  at  base  7 

107.  Montebello  sandstone,  massive.  This  member,  largely  hidden 
along  highway,  rises  in  ridge.  From  it  a great  talus  slope 
falls  off  northward  from  scarp  near  ridge  top,  marking  the 

Perry  County  fault.  Fossiliferou.s  here.  Estimated  thickness . 880 

108.  Concealed  along  road  

109.  South  slope  of  Half  Falls  Mountain.  Quarry.  -Section  here: 

Top:  Marcellus  sliale,  black,  fissile,  weattiers  bro-wn 20-1- 

Base:  Onondaga  (Selinsgrove)  limestone,  black,  slaty, 

fairly  massive,  base  hidden,  exposed  30 


The  disconformity  between  the  shale  and  the  limestone  is 
marked  by  a thin  band  of  soft,  ferrugious  sandstone  2 to  3 
inches  thick  

110.  On  higTiway  below  the  quarry.  Oriskany  pebbly  sandstone 
and  conglomerate  exposed  dipping  south  as  south  limb  of  Half 
Falls  Mountain  anticline.  No  intervening  shale  between  the 
limestone  and  Oriskany  shows ; presume  some  present,  but 
very  thin  as  limestone  exposed  close  above  Oriskany  o?i  north 
limb  of  anticline  in  woods  and  mountain  slojie. 

111.  Gully  at  axis  of  anticline,  abandoned  quarry.  Topmost  beds 
of  Helderberg  limestone.  New  Scotland  exposed. 

O.  Perry  County,  Little  Juniata  Creek  Section 

Partly  supplementary  to  section  N in  that  it  runs  higher  into  the 
Catskill,  this  section  is  introduced  primarily  to  show  the  monotony 
of  the  continental  facies  in  central  Pennsylvania.  The  succession 
has  been  drawn  from  Duneannon  along  Little  Juniata  Creek  and 
Highway  274  and  the  Susquehanna  River  and  Western  Railroad 
northwestward  on  the  New  Bloomfield  quadrangle. 


1.  Shale,  fissile,  with  sandstone  bands,  dark  red  1.5 

2.  Concealed 30 

3.  Similar  to  1 2 

4.  Sandstone,  massive  to  j)laty,  red  4,5 

5.  Concealed  17 

6.  Sandstone,  similar  to  4 8-10 

7.  Concealed  18 
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8.  Eepetition  of  4 in  small,  flat  folds. 

9.  Shale,  fissile  to  platy,  red-brown  8 

10.  Sandstone,  massive  to  platy,  red  to  red-brown  or  dark-red..  30 

11.  Concealed  110 

12.  Sandstone,  massive,  red-brown ; partly  hidden  22 

13.  Concealed  12 

14.  Sandstone,  massive  to  flagg'y,  gray,  brown-weathering,  some 

gray-green  shale  near  top ; partly  hidden  15 

15.  .Shale  and  sandstone,  red;  partly  hidden  10 

16.  Shale  and  sandstone,  sub-massive  to  fissile 40 

17.  Sandstone,  fairly  massive,  green  turning  brown  above,  brown- 

weathering  ; doubtful  plant  fragments  6 

18.  Concealed,  probably  red  sandstone  and  shale  14 

19.  Shale,  fissile  to  sandy,  red  12 

20.  Sandstone,  massive  to  flaggy,  growing  shaly  at  top,  red-brown  15 

21.  Concealed  105 

22.  Sandstone,  massive,  red  6 

23.  Sandstone,  shaly,  red  2 

24.  Sandstone,  massive,  gray-green  in  small,  abandoned  and  over- 
grown quarry  1 

25.  Sandstone,  massive,  red,  partly  hidden  in  quarry  15 

26.  Shale,  fissile,  red  15 

27.  Concealed  125 

28.  Sandstone,  massive,  red  2 

29.  Concealed  120 

30.  Shale,  fissile,  with  some  sandstone  bands,  red  30 

31.  Concealed  11 

32.  Sandstone,  massive  to  platy,  red  25 

33.  Concealed  120 

34.  Sandstone,  massive,  red  and  gray  alternating,  probably  some 

platy  beds ; partly  hidden  100 

35.  Sandstone,  very  massive,  gray  to  olive-gray  35 

36.  Shale,  fissile,  chunky  fracture,  somewhat  sandy,  greenish....  6 

37.  Sandstone,  fairly  massive,  greenish  7 

38.  Sandstone,  massive  to  platy,  red-brown  20 

39.  Partly  concealed,  probably  similar  to  38  56 

40.  Shale,  fissile  to  sandy  and  platy,  red  7 

41.  Cut  bank  east  of  road  oi^posite  junction  with  first  road  south, 

north  of  Duncannon  10 

42.  Shale,  fissile,  sandy  at  base,  red  to  chocolate;  partly  hidden.  12 

43.  Sandstone,  fairly  massive,  gray-brown,  brown-weathering..  25 

44.  ' Shale,  sandy  at  top,  grading  down  into  43,'  gray,  weathering 

brown  or  gray.  Doubtful  plant  fragments  at  top.  Exposure 
in  small  anticline  in  quarry  to  east.  This  unit  repeats  to 
northwest  4 

45.  Concealed  30 

46.  Sandstone,  massive,  reddish  to  chocolate-brown.  Shows  in  bed 

of  brook  at  bridge 6-7 

47.  Shale,  fissile  to  sandy  and  flaggy,  red.  Crops  out  at  side  of 

creek  12 

48.  Sandstone,  flaggy  to  sub-massive,  red  2 

49.  Sandstone,  massive,  brown  20 
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50.  Shale,  sandy,  fissile,  gray-green  4 

51.  Sandstone,  massive  to  flaggy,  gray;  plant  stems  30 

52.  Shale,  fissile,  slightly  arenaceous,  red  20 

53.  Sandstone,  flaggy  to  shaly,  red-brown  with  some  gray  beds. 

Lower  25  feet  quite  heavy  45 

54.  Concealed  56 

55.  Sandstone,  massive  to  shaly,  red ; partly  hidden  8-10 

56.  Shale,  fissile  to  sandy,  dark-red  15 

57.  Sandstone,  massive,  brown  to  red-brown ; makes  small  rips  in 

creek  10 

58.  Shale,  fissile,  dark-red;  some  sandstone  bands,  red-brown..  18 

59.  Concealed  34 

60.  Sandstone,  massive  to  flaggy,  olive-brown  to  olive-gray 2 

61.  Concealed  62 

62.  Sandstone,  flaggy,  red-brown  2 

63.  Concealed 12 

64.  Sandstone,  similar  to  62,  but  platy 5 

65.  Concealed  to  turn  in  road  at  “C”  of  “Creek”  ? 

66.  Shale,  very  weak  and  fissile,  gray-green,  weathers  brown  and 

appears  to  pass  down  into  shaly  sandstone  21 

67.  Shale,  fissile,  red  2 

68.  Sandstone,  platy  to  shaly,  gray-brown,  brown-weathering..  24 

69.  Concealed 4 

70.  Sandstone,  massive  to  platy  and  some  shaly  beds,  olive-gray  to 

brownish-gray,  brown-weathering,  plant  stems  12 

71.  Concealed  in  valley  save  for  outcrops  under  R.  E.  bridge  ....  70 

72.  Shale,  sandy,  red,  mostly  hidden  25-35 

73.  Shale,  fissile,  greenish,  brown-weathering  5 

74.  Sandstone,  flaggy,  greenish  12 

75.  Shale,  similar  to  73  3 

76.  Sandstone  and  shale,  massive  below,  red  5 

77.  Shale,  similar  to  73  3 

78.  Shale,  fissile  to  sandy  and  platy,  dark-red  36 

79.  Sandstone,  flaggy  to  sub-massive,  red  8 

80.  Shale,  fissile,  greenish,  like  73  2 

81.  Shale,  fissile,  red  40 

82.  Sandstone,  very  massive,  brown ; rips  in  creek  18 

83.  Shale,  fissile,  red ; partly  hidden  50-60 

84.  Sandstone,  flaggy  to  sub-massive,  red-brown.  Carries  section 

to  point  opposite  brook  from  west  below  Kings  Mill  20 

85.  Concealed  48 

86.  Sandstone,  massive,  red-brown  ; partly  hidden 10 

87.  Concealed  62 

88.  Sandstone,  massive,  brown ; partly  hidden  8-10 

89.  Concealed  10 

90.  Shale,  sandy,  gray,  brown- weathering;  partly  hidden  10 

91.  Shale,  fissile,  red-brown  2 

92.  Sandstone,  sub-massive,  red-brown  6 

93.  Sandstone,  shaly  to  platy,  brown  or  gray-brown ; partly  hidden  10 

94.  Concealed  57 
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95.  Sandstone,  massive  to  shaly,  purplish ; in  secondary  road  from 

southeast  at  King-s  Mill  5 

96.  Concealed  2 

97.  Sandstone,  sub-massive  to  platy,  gray,  weathers  brown;  parth 

hidden  20 

98.  Concealed  104 

99.  Sandstone,  platy,  gray,  brown  weathering  ? 

100.  Concealed  100 

101.  Small,  non-descript  exposures  in  gutter  ? 

102.  Along  west  bank  of  creek.  Sandstone,  fairly  massive,  hard, 

almost  cherty,  gray,  contorted  15 

JO'3.  Concealed  15 

104.  Sandstone,  massive,  red-brown  10 

105.  Sandstone,  flaggy,  gray  witli  interl)edded  brown  beds  ; ripple 

marks.  Forms  steep  cliff  along  creek,  fine  exjjnsure  45 

106.  Concealed  20 

10’7.  Sandstone,  massive,  grayisli  15 

108.  Sandstone,  rather  massive  to  tlaggy,  chocolate;  t)ase  hidden.  20 

109.  Section  continues  along  11.  K.  northwestward  from  Kings  Alill. 

Shale,  friable  and  chunky,  reddish-chocolate;  some  sandstone 
bands  18 

110.  Sandstone,  massive,  purjjlish-red ; partly  hidden  5 

111.  Concealed  15 

112.  Shale,  purplish  5 

113.  Concealed  12 

114.  At  road  junction  from  west.  Sandstone,  shale,  gi-ay-green, 

ripple  marks;  some  chocolate  beds  13 

115.  Concealed  in  valley  of  road  from  west  15 

116.  Continuing  along-  K.  II.  and  creek.  Similar  to  110  .5 

1 17.  Concealed  20 

1 18.  Shale,  sandy,  gray-brown  5 

119.  Concealed  25 

120.  Shale,  reddish-chocolate.  Probably  equals  110  per  structure.  20 

121.  Section  continues  north  on  K.  E.  Shale,  weak,  brown 3 

122.  Beyond  crossing  of  K.  E.  and  secondary  road  at  Sulidiur 

Springs.  Sandstone,  massive,  liard,  brown  4 

123.  Sandstone,  flaggy  to  slightl.v  shaly,  dark-red,  almost  purple, 

breaks  into  chunks  10 

124.  Sandstone,  shaly,  similar  to  123,  but  more  shale  and  ])urj)le- 

red  18 

125.  Sliale,  sandy,  weak',  brown  to  purplisli.  Seen  in  small  cliff  of 

channel  abandoned  by  stream  diverted  Ijy  E.  I!.  till  20 

126.  (loncealed  15 

127.  Shale,  fissile,  gray ; partly  hidden  30 

X'.  B.  There  may  be  some  rejjetition  here,  as  structure  un- 
certain. 

128.  Shale,  similar  to  127,  but  reddish-chocolate  3 

129.  Shale,  similar  to  127  4 

130.  Concealed  35 

131.  Sandstone,  shaly  to  flssile,  but  some  beds  massive,  gi-ay....  10 


Feet 

r»2.  Shale,  sandy,  fissile,  reddish-eiiocolate  50 

133.  Sandstone,  massive  to  shaly  or  splintery,  gray;  reddish 

weather  stain  deceptive;  jjartly  hidden  45 

134.  Sandstone,  fissile  to  massive,  gray,  weathers  rusty.  Small 

outcrop  at  “S”  of  “Sulphur”  ? 


Carries  section  to  vicinity  of  abandoned  factory  near  Sulphur  Springs. 
-V  long  concealed  interval  follows  the  creek,  and  the  ne.xt  succession 
of  beds  is  below  the  Catskill  facies  and  shows  marine  fossils  assigned  to 
the  Portage  group.  Although  this  section  passes  through  Kings  Mill,  it 
fails  to  include  the  fossiliferous,  white  Kings  Mill  sandstone  w'hich  occurs 
some  500  feet  above  the  lowest  Catskill  red  beds.  This  anomaly  is  explained 
by  the  fact  that  the  sandstone  occupies  one  of  the  several  concealed  intervals 
in  the  section.  It  occupies  about  the  position  of  number  103. 


CHAPTER  X. 

GEOLOGIC  HISTORY 

In  the  preceding  chapters  of  this  account,  my  co-workers  and  I 
have  described  the  Devonian  system  in  Pennsylvania.  Professor 
Swartz  has  told  about  the  Helderberg  group ; Dr.  Cleaves  has  given 
an  account-  of  the  Oriskany.  I have  treated,  first  the  Middle,  then 
the  Upper  Devonian  marine  formations,  and  finally  the  Catskill  con- 
tinental facies.  Evidently,  the  several  marine  formations  and  groups 
of  formations  have  been  deposited  in  a chronologic  sequence,  an 
orderly  succession,  from  the  oldest,  the  Helderberg  limestones, 
through  the  youngest,  the  Conewango  beds.  Of  contemporaneous  de- 
position with  many  of  them  are  the  continental  sediments  of  the 
Catskill.  The  correlation  charts  show  succession  and  equivalence.  But 
the  many  units  differ  markedly  in  lithology  and  fossils.  Some  of  the 
so-nominated  “formations”  pass  into  others  either  laterally  or  ver- 
tically. More  are  separated  from  over-  and  underlying  units  by  dis- 
confoi’mities,  “breaks”  in  the  sedimentary  sequence.  These  changes 
and  differences  should  be  accountable  for  by  modifications  of  environ- 
ment during  the  intervals  of  deposition,  by  the  nature  of  their  place 
of  origin,  by  organic  evolutionary  progress.  By  treating  the  Devonian 
period  from  the  view  point  of  history,  or  the  chronologic  sequence 
of  its  events,  it  is  possible  to  account  for  many  of  these  changes  that 
have  transpired  during  the  deposition  of  the  rocks  of  the  Devonian 
system.  Like  human  history,  the  happenings  are  not  all  of  equal 
importance,  nor  are  they  equally  well  known.  Parts  of  the  record 
are  gone.  We  may  only  surmise  what  went  on  in  these  “lost 
intervals”. 

The  Devonian  Environment 

During  the  Paleozoic  era,  of  which  the  Devonian  makes  up  the 
fourth  of  its  seven  periods,  the  region  we  now  call  North  America 
appears  to  have  been  quite  different  from  what  it  is  today.  A con- 
tinent there  was,  but  its  outlines  scarcely  resembled  the  present 
configuration.  During  the  Paleozoic,  mountain  systems  grew  and  were 
worn  away,  large  parts  of  the  interior  of  North  America  were  flooded 
by  vast  bodies  of  salt  water,  termed  epeiric  seas.  Along  the  eastern 
margin  of  Palameriea  there  extended  a land  mass.  Its  western  shore 
approximated,  during  much  of  the  era,  that  part  of  the  continent 
called  today  the  Piedmont.  How  far  east  the  land  may  have  reached 
is  problematical.  Estimates  vary  from  only  a few  hundred  miles  to 
a vast  land,  a land  now  largely  incorporated  in  the  continent  of 
Europe.  Such  a grotesque-sounding  statement  is  based  on  the 
hypothesis  that  North  America  and  Europe  were  once  united  as  a 
single  landmass  which  split  asunder,  the  respective  fragments  drift- 
ing apart,  leaving  between  a wide,  water-filled  rift,  the  Atlantic 
Ocean.  Evidences  of  the  truth  or  fallacy  of  this  theory  are  beyond 
the  limits  of  this  discussion.  Whatever  were  the  eastward  limits  of 
Appalachia,  it  is  conjectured  from  its  existing  remnants  to  have  been 
a region  of  crystalline  rocks,  granite,  gneiss,  schist.  At  times  it  under- 
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went  intervals  of  uplift  and  mountain  building;  again  it  seems  to 
have  been  worn  low  through  ages  of  weathering  and  erosion.  The 
western  shore  line  was  not  fixed,  but  shifted  back  and  forth,  now 
farther  east,  now  farther  west.  It  had  its  bays  and  peninsulas,  beaches 
and  deltas. 

From  this  ancient  Appalachia,  rivers  flowed  westward  into  the 
epeiric  sea,  the  reverse  of  the  courses  of  the  rivers  of  our  present- 
day  eastern  seaboard  which  drain  into  the  Atlantic.  I have  described 
evidence  for  the  presence  of  several  of  the  ancient  streams  of  Appa- 
lachia, evidence  taken  from  the  recognition  of  old  deltas  which  those 
streams  of  long  ago  laid  down  along  its  western  coast.  But  the  deltas 
embrace  only  a small  fraction  of  the  waste  of  the  land  which  went  into 
the  interior  sea.  Most  of  the  thousands  of  feet  of  Paleozoic  clastic 
sedimentary  rocks  how  known  probably  came  from  Appalachia.  The 
formations  of  sandstone  and  shale  are  observed  usually  to  be  thickest 
in  the  east,  that  is,  near  the  ancient  coast,  and  to  thin  gradually 
westward,  away  fronf  the  shore.  Yet  despite  vast  thicknesses,  it  is 
demonstrable  that  much  of  the  material  composing  this  great  wedge 
of  rock  was  laid  down  in  shallow  water.  Cracked  muds  of  ancient 
“flats”  bespeak  exposure  to  sun  and  air.  Ripple-marked  aqueous 
sediments  can  originate  only  in  water  shallow  enough  for  waves  or 
currents  to  stir  the  bottom.  Many  of  the  fossils  are  remains  of  ani- 
mals that  dwelt  in  relatively  eleai’,  shallow,  well-lighted  water.  How, 
we  may  ask,  could  so  much  of  this  vast  pile  of  rocky  layers  have 
formed  in  shallow  water?  How  may  a shallow  sea  bottom  constantly 
receive  layers  of  sediment,  yet  remain  submerged? 

The  Appalachian  geosyncline.  The  answer  is  found  in  what  the 
geologists  call  a geosyneline.  This  is  a concept  of  simply  a long,  nar- 
row', downwArped  part  of  the  earth’s  crust  occupied  by  a sea,  a 
shallow  trough  adjacent  to  a land  mass.  Into  it  detritus  from  the 
land  is  poured  by  the  rivers.  Tides  and  currents  catch  up  the  pebbles, 
sands  and  muds  and  sweep  them  along  the  coast  or  out  to  sea,  spread- 
ing them  in  ever  thinning  layers  away  from  the  source  of  supply, 
the  land.  Studies  in  geophysics  and  earthquake  lore  teach  that  be- 
neath the  solid  crust  of  the  earth  there  is  a “fluid  substratum”. 
Though  a fluid,  it  is  not  a mobile  liquid ; it  is  highly  rigid.  This  sub- 
stratum, the  asthenosphere,  tends  to  yield  and  flow  under  heavy,  long- 
applied,  slow  pressure.  If  an  ever  increasing  weight  be  steadily  added 
to  an  appreciable  area  of  the  crust,  accumulating  downward  pressure 
must  be  exerted  upon  the  substratum.  It,  therefore,  tends  to  flow 
away  from  such  a region  of  great  to  areas  of  lesser,  downward  pres- 
sure. Such  a shift  takes  place  beneath  the  aecumlating  load  of  sedi- 
ment in  a geosyneline.  Therefore,  as  the  sediments  accumulate,  layer 
upon  layer  in  shallow  water,  the  substratum  migrates  gradually  out 
from  under,  the  bottom  slowly  sinks,  and  the  w^ater  may  remain  at 
essentially  constant  depth  over  long  intervals. 

The  converse  of  this  process  is  equally  true.  If  the  pressure  on 
the  crust  be  released  or  decreased  appreciably  over  a large,  upwarped 
area,  there  will  be  a tendency  for  the  substratum  to  flow  toward  that 
region  of  negative  pressure.  A place  of  this  type  is  spoken  of  as  a 


geanticline  in  contradistinction  to  a geosyncline.  The  two  struc- 
tnres  are  commonly  found  in  juxtaposition  and  closely  related.  As 
Appalachia  was  worn  down  and  its  eroded  surfieial  materials  were 
removed  to  the  westward  sea,  it  was  lightened,  and  rose  after  the 
manner  of  a geanticline,  as  downward  ]n’e.ssure  in  that  region  de- 
creased. 

During  the  Paleozoic  era,  a geosyncline  occupied  that  part  of  the 
inland  sea  of  North  America  that  bordered  Appalachia.  Sedimenta- 
tion in  this  tended,  through  weighting  the  crust,  to  force  the  fluid 
material  of  the  asthenosphere  to  flow  away  from  under  it.  Simul- 
taneously, lessened  pressure,  due  to  erosion  of  Appalachia,  produced 
a tendency  for  suberustal  matter  to  move  in  under  the  old  land  mass. 
Thus  was  brought  about  a species  of  “hydrostatic  balancing”.  This 
process  of  attaining  such  a balance  is  called  isostatie  adjustment. 
When  the  sinking  and  rising  elements  balance  each  other,  the  condi- 
tion is  called  isostasy. 

The  process,  isostatie  adjustment,  appears  not  to  have  gone  on 
regularly;  it  did  not  proceed  at  a uniform  rate.  At  times  Appalachia 
rose  more  rapidly,  again  it  remained  essentially  static.  AVhen  it  stood 
high,  streams  were  rejuvinated  and  much  sediment  reached  the  sea 
When  it  was  quiet,  streams  wore  it  low  and  meandered  with  de- 
creased loads  down  to  tide-water.  The  geosyncline,  too,  seems  to  have 
behaved  in  an  irregular  manner  and  to  have  subsided  “by  fits  and 
starts”.  Now  the  water  grew  exceptionally  deep.  Again,  the  sedi- 
ments built  up  the  bottom  so  fast  that  the  sea  wuis  filled,  and  terres- 
trial conditions  obtained.  At  still  other  times,  erosion  superseded 
deposition  and  “breaks”  or  lost  intervals  interrupted  the  sedimentary 
sequence. 

Today,  no  active  geosyncline  exists  within  eastern  North  America. 
Appalachia  is  known  as  a mere  remnant  of  crystalline  rocks  in  our 
piedmont,  and  below  the  coastal  plain.  “The  clock  ran  down”.  Why, 
no  man  has  satisfactorily  told.  The  sea  Anally  filled,  Appalachia  was 
degraded.  The  interior. of  North  America  became  ierra  firma.  The 
Atlantic  Ocean  covered  much  of  the  old  land.  Nevertheless,  for  some 
hundreds  of  millions  of  years  isostatie  adjustment  functioned.  In 
our  studies  of  the  Devonian  we  are  concerned  with  a part  of  these 
years. 

Apparently,  the  geosyncliiie  was  subject  to  age  long  paroxysms  al 
more  or  less  regular  intervals.  Lesser  ])aroxysms  are  called  dis- 
turbances and  may  separate  the  geologic  periods.  The  greater  inter- 
vals of  unrest  are  revolutions  between  eras.  For  eons  the  sea  and 
land  behaved  in  a “normal”  manner  with  isostatie  adjustment  func- 
tioning quite  steadily.  Then  irregularities  interrupted  the  steady 
proce.ss,  mountains  rose  up  in  the  east,  the  sea  withdrew  temporarily 
from  the  geosyncline.  Quiet  being  again  restored,  the  waters  returned, 
and  another  cycle  of  sedimentation  in  the  geosyncline  and  interval  of 
uplift  and  erosion  of  Appalachia  began.  Toward  the  end  of  the 
Paleozoic  era  came  a paroxysm  more  violent  than  all  its  earlier  ones. 
As  yet  unexplained  forces  appear  to  have  driven  Appalachia  slowly 
but  irre.sistably  west-  or  northwestward  against  the  geosyncline, 
crumpling,  bending  and  breaking  its  beds  and  throwing  them  into 
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the  spectacular  folds  we  witness  today  in  the  Appalachian  Mountains. 
What  caused  this,  the  Appalachian  Kevolution,  we  know  not ; what 
it  caused  we  can  observe.  It  ended  the  history  of  the  Appalachian 
geosyncline  and  the  process  of  depositing  its  miles-thick  sequence  of 
bedded  rocks. 

Thus  dwelt  Devonian  life.  If  we  could  have  drawn  a net  through 
Devonian  oceans,  or  dredged  the  bottom  of  the  sea  in  the  Appa- 
lachian geosyncline,  or  wandered  along  the  coast  of  Appalachia,  or 
tramped  through  Catskill  Delta  Land,  strange  forms  of  plant  and 
animal  life  would  have  confronted  us.  The  sea  was  abundantly 
peopled  with  “shell  fish”;  but,  instead  of  our  familiar  clams,  oysters, 
and  scallops,  there  were  myriads  of  brachiopods  which  in  some  Avays 
resemble  clams,  but  are  really  quite  different.  (See  Bibliography  for 
references  on  paleontology).  True,  clams  and  snails  also  lived  on 
that  old  sea  bottom  or  burrowed  in  its  muds,  but  even  these  were  not 
strikingly  like  those  Ave  knoAV  today.  Coral  reefs  there  Avere,  but 
instead  of  harboring  the  beautiful,  branched  staghorn  coral  familiar 
to  students  of  the  modern  ocean,  there  greAV  then  curious  stony  cups 
like  misshaped  goat  horns,  rising  among  others  Avhose  rounded  bosses 
remotely  resemble  our  brain  corals.  Bryozoa  or  “moss  animals” 
tAvined  their  more  delicate  branches  among  the  true  corals.  CraAvling 
on  the  bottom  or  nimbly  SAvimming  Avere  shrim])-like  crustaceans,  and 
those  ancient  relations  of  our  crabs  and  lobsters,  the  trilobites, 
in  company  Avith  great  sea  scorpions,  scuttled  on  the  sandy  bottoms. 
The  cuttle  fish  tribe  had  its  counterpart  in  lieaA'y-shelled  ancestors 
among  whom  some  resembled  our  chambered  nautilus.  SeaAveeds 
flourished  and  must  have  served  as  food  for  at  least  part  of  the 
animal  SAvarms.  Here  and  there  a fish  or  school  of  fishes  might  have 
been  seen  to  paddle  by  (84,  178,  151,  etc.).  Strangely  sIoav  and  stiff' 
were  most  of  these,  not  the  swift,  agile  kinds  Ave  knoAV.  Save  for 
an  occasional  shark-like  form  all  seem  to  liaA^e  enjoyed  the  then 
popular  fashion  of  Avearing  armor  plate. 

Forests  clothed  much  of  the  land  (3,  etc.).  Trees  with  leaves  like 
great  fern  fronds  rose  forty,  sixty  feet  above  the  plain.  Among  them 
were  stiff,  reed-like  plants,  but  no  floAvering  jilant  is  knoAvn  to  haAa* 
liA'ed  during  the  DeA'onian.  Tlie~riA'ers  had  their  fresh-AA-ater  flora, 
and  in  the  currents  swam  more  armored  fishes,  perhajAS  in  A'ast  num- 
bers ascending  from  the  sea  at  spaAvning  time  to  lay  their  eggs  in 
the  manner  of  the  modern  salmon.  The  muddier  stream  bottoms  Avere 
the  homes  of  bivalves  not  unlike  our  fresh-Avater  “mussels”.  But 
in  the  forest  one  probably  Avould  search  long  for  animal  life. 
Doubtless  there  were  “worms”  in  the  soil.  Perchance  air-breating 
crustaceans  hid  in  rotting  logs  in  company  Avith  “thousand-leggers”. 
Scorpions  existed,  since  they  are  recorded  from  the  older,  Silurian 
rocks.  No  insects  are  known.  Yet  one  is  tempted  to  belieA^e  they  or 
their  ancestors  kneAv  the  late  Devonian  forests. 

What  of  land-liAung,  air-breathing,  backboned  animals?  They  or 
their  foot-prints  are  known  in  the  next  younger  rocks,  the  Mississip- 
pian  sy.stem,  in  Pennsylvania.  The  much  maligned  Thynopus  track 
has  been  described  as  that  of  a Devonian  amphibian  from  Pennsyl- 
vania. I,  myself,  have  had  the  hardihood  to  assign  a A^ertebrate  origin 


366 


DEVONIAN  OF  PENNSYLVANIA 


to  certain  curiously,  auamolous  tracks  aucl  trails  oecurriug  iu  shale  of 
Chemung  age  iu  Susquehanna  County  (241).  But  as  yet  no  unchal- 
lenged evidence  of  the  existence  of  terrestrial  veidebrates  lias  been 
demonstrated.  No  bones  are  known,  only  tracks  of  equivocal  inter- 
pretation. Caster  (36)  recently  published  evidence  that  these  tracks 
may  be  attributed  to  arthropods,  but  neither  be  nor  I has  seen  the 
maker  of  the  impressions. 

In  contrast  with  the  antique  biology  of  the  Devonian,  is  the  physi- 
cal environment.  The  processes  of  inanimate  nature  were  then  as 
now.  Water  flowed.  Streams  came  romping  out  of  mountains  or 
meandered  through  forested  piedmont  or  swampy  coastal  plain  to 
build  their  coastal  deltas.  The  waves  beat  and  the  tides  and  currents 
washed  the  coast.  Eain  fell.  The  drops  left  little  round  pits  in 
the  mud.  Occasionally  a slab  of  shale  bears  raindrop  pits  or  craters 
whose  rims  are  all  higher  in  one  direction  than  any  other.  We  infer 
from  this  that  wind  drove  the  drops  at  an  angle  onto  the  mud.  AVhen 
the  shower  was  gone  and  the  snn  shone  on  the  Devonian  mud  flats, 
the  muck  dried  and  cracked  in  the  familiar  polygonal  blocks.  Lush 
forests  imiily  at  least  a temperate  clime,  but  even  in  such,  ice  may 
form.  If  my  determinations  and  deductions  be  true,  ice  did  exist  in 
Pennsylvania,  peidiaps  only  locally,  in  latter  Devonian  years.  Whether 
there  were  winters  and  summers  is  uncertain.  Some  evenly-banded 
fresh-water  shales  of  our  Devonian  suggest  seasonal  changes,  but 
annual  rings  are  unrecognized  in  our  Devonian  plants. 

So  in  the  Devonian  we  may  picture  a shallow  inland  sea  bordering 
an  eastward-lying  land.  From  that  land,  rivers  flowed  west  to  salt 
water.  The  sun  shone,  rain  fell,  ice  formed,  wind  blew,  the  tide  rose 
and  fell  and  currents  carried  the  sea  water  hither  and  yon.  Strange, 
abundant  floras  and  multifarious  faunas  flourished.  Among  these 
forms  of  living  things,  some  few  were  like  our  common  types  today. 
Vice  versa,  some  of  our  rare  moderns  are  remnants  of  these  forms  of 
long  ago.  The  economy  of  life  in  the  sea  was  even  then  much  as  it  is 
today.  The  green-clothed  lands,  as  yet  all  but  unoccupied  by  animal 
forms,  had  still  to  achieve  an  approximation  of  the  conditions  of  the 
Age  of  Man. 

Devonian  paleogeography.  In  the  foregoing  paragraphs,  I have 
stated  that  the  interior  of  the  ancestral  continent  of  North  America 
was  covered,  during  the  Paleozoic  era,  to  a varying  extent  and  at 
different  times  by  inland  or  epeiric  seas.  Like  those  of  other  Paleozoic 
periods,  the  seas  of  the  Devonian  period  spread  over  large  areas  and 
covered  different  regions  at  successive  times.  The  epeiric  seas  of  the 
Silurian  dwindled  at  the  end  of  that  period  and  may  have  left  the 
continent  high  and  dry.  However,  the  doubt  of  a generally  recognized 
physical  break  between  Silurian  and  Devonian  sediments  in  Penn- 
sylvania seems  to  imply  that  here,  at  least,  water  continuously  occu- 
pied the  Appalachian  geosyneline,  if  in  only  a small  region,  from 
the  older  to  the  younger  period.  In  the  early  Devonian,  a long,  nar- 
row sea  reached  from  the  Maritime  Provinces  south  and  southwest- 
ward  to  the  Gulf  of  Mexico.  It  represented  the  then  narrow  Appa- 
lachian geosyneline  along  the  western  border  of  Appalachia.  AVith  the 
opening  of  Middle  Devonian  time,  this  sea  continued,  but  was  cut  in 
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twain  shortly  in  the  lattitucle  of  New  York  State  so  that  its  fauna 
shows  certain  changes  and  peculiarities.  In  later  Devonian  times 
the  geosyncline  became  confluent  with  a wide  sea  that  reached  from 
Alaska  and  the  Arctic  south,  east  and  all  through  the  present  Cor- 
dilleran  region  and  invading  much  of  the  Central  States,  came  east 
into  Pennsylvania.  As  the  Devonian  period  waned,  this  sea  shrank. 
Simultaneously  and  continuing  an  earlier  condition,  continental  sedi- 
ments filled  in  the  now  narrow  northern  end  of  the  geosyncline  in 
New  York,  New  Jersey,  Pennsylvania,  and  Maryland.  Probably  the 
sea  withdrew  entirely  from  Pennsylvania  at  the  close  of  the  Devonian 
period. 

Marine  transgressions.  Such  an  advance  of  the  sea  as  just  de- 
scribed, from  a small  beginning,  to  a maximum  flood,  to  a final 
curtailment,  is  supposed  to  mark  a “typical  geologic  period”.  The 
advances  and  retreats  are  referred  to  as  positive  and  negative  trans- 
gressions. The  Devonian  was  a fairly  typical  period,  and  Pennsyl- 
vania’s Devonian  sequence  well  illustrates  the  trend  of  sedimentary 
events.  However,  owing  to  proximity  to  the  shore,  the  supposed 
natural  sequence  of  lithologic  types  is  obscured,  partly  through  the 
dominance  of  relatively  coarse,  marine  cla.stics  and  partly  by  con- 
tinental sediments. 

In  such  a period  as  the  Devonian  the  march  of  events  is  said  to 
be  cyclic.  A sedimentary  cycle  records,  first  an  advance  of  the  sea, 
the  positive  transgressions  or  on-lap;  second  a maximum  areal  sub- 
mergence when  an  interval  of  quiescence,  spoken  of  as  stillstand, 
holds  the  stage ; and  third,  the  negative  transgression,  an  interval  of 
recession  of  the  seas  called  an  off-lap.  In  such  a sequence,  on-lap, 
stillstand,  off-lap,  there  is  an  orderly  succession  of  sedimentation.  As 
a sea  advances,  sands  accumulate  near  shore,  muds  farther  out 
(usually  in  deeper  water),  and  limestones  at  a still  greater  distance 
off-shore  where  free  precipitation  of  calcium  carbonate  may  take 
place  unmasked  by  elastic,  terrigenous  sediments.  As  the  sea  advances 
farther  upon  the  land,  the  region  that  was  receiving  sand  (the  strand 
and  neritic  zones)  finds  itself  farther  to  sea  where  mud  (pelitie  zone) 
is  now  forming.  Similarly,  the  erstwhile  pelitie  zone  may  be  now  a 
lime-receiving  area.  Thus,  whether  the  on-lap  series  of  sedimentary 
types  he  counted  from  the  shore  outward,  or  from  the  lowest  'unit 
of  the  advancing  cycle  upward,  it  should,  durmg  the  2)ositive  trans- 
gression of  the  sea  upon  the  land,  he  alwdfys  sandstane,  shale,  lime- 
stone. It  may  be  readily  seen  from  this  how  sandstone,  shale  and  lime- 
stone form  contemporaneously  and  grade  literally  into  each  other. 
At  the  time  of  maximum  flooding  when  the  sea  has  ceased  to  advance, 
but  has  not  commenced  to  retreat,  there  comes  a quiescent  pause. 
Sand  may  accumulate  along  the  margin,  but  beyond,  sedimentation 
is  restricted.  Dark  mud  and  limy  ooze  may  form  in  limited  amounts 
and  to  no  great  thickness.  Eventually,  the  “tide”  turns.  Gradually, 
the  sea  withdraws.  Off-lap  replaces  stillstand  Avhich  had  followed 
on-lap.  Again,  there  is  the  sandstone,  shale,  limestone  sequence  from 
the  shore  outward,  but  now,  in  a negative  transgression  mud,  is  laid 
down  on  top  of  the  limy  ooze,  and  sand  creeps  out  and  caps  the  muds. 
The  sequence,  sandstone,  shale,  limestone,  is  the  same  from  shore  out- 
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ward  and  from  above  downward.  We  thus  may  find  sandstone,  shale 
and  limestone  of  contemporary  age  intergrading  laterally.  In  off-lap 
There  may  be  another  distinctive  element.  As  the  seas  withdraw  or 
the  geosyneline  fills  in,  continental  sediments  gradually  displace  the 
latest  marine  sandstones,  writing  the  final  chapter  of  the  cycle. 

A cross  section  through  the  sediments  of  a complete  cycle  is  ideal- 
ized in  Figure  9d.  The  lowest  and  highest  surfaces  that  converge 
landward,  disregarding  the  continental  units,  will  be  sandstones.  The 
lower  sand  represents  progressive  advance  of  the  neritic  zone  and 
the  strand,  the  upper  represents  progressive  recession  of  the  same. 
The  lithology  may  be  similar  throughout,  but  at  no  two  points  will 
these  sandstones  be  of  precisely  the  same  age  in  the  direction  of  trans- 
gression. Likewise,  the  muds  and  limestones  represent  less  extensive, 
though  iierhaps  thicker  layers  within  and  parallel  to  the  extreme, 
sandy  members.  Horizontal  lines  drawn  across  the  diagram  are  traces 
of  planes  of  contemporaniety,  if  we  assume  relatively  uniform  sedi- 
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Figure  94.  The  sedimentary  cycle  illustrated,  an  idealized  cross-section 
normal  to  directon  of  transgression. 

mi'iitatiou  rates.  So.  while  the  lithologically  same  sediment  crosses 
these  planes  obliquely,  the  sandstone,  shale  and  limestone  along  any 
one  plane  were  formed  contemporaneously.  The  successive  fossil 
faunas  occurring  in  each  sandstone  are  either  ancestral  to  .or  de- 
scended from  those  at  adjacent  higher  or  lower  points.  The  faunas  in 
the  sandstone,  shale  and  limestone  along  a particular  plane  of  contem- 
poraniety onhq  lived  at  the  same  time.  The  planes  above  the  zone 
of  greatest  areal  extent  or  stillstand  may  be  farther  projected  into 
the  continental  sediments  denoting  what  portions  of  these  same 
formed  simultaneously  to  particular  marine  sandstones,  shales  or 
limestones.  Actually,  these  planes  would  merge  into  upeurving  sur- 
faces in  the  continental  beds  in  most  instances,  owing  to  excessive 
thickening  of  the  non-marine  comimred  with  its  marine  correlates. 
The  sandstone,  shale,  limestone  or  continental  beds  are,  of  course, 
locally  mapped  as  formations.  Actually,  they  are  often  contemporan- 
eous facies,  strand,  neritic,  pelitic,  continental  and  so  forth,  repre- 
senting different  environments  of  the  region  at  the  given  time.  We 
shall  see  that  many  of  oni'  fonnations  are,  thei'efore,  facies  expres- 
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sions,  shifting  regions  of  a continually  advancing  or  retreating  sea. 
Gorrelaiion  should,  therefore,  follow  the  planes  of  co'ntemporaniety ; 
organic  evolution  must  follow  the  respective  lithologic  facies. 

The  cycle  as  above  outlined  is,  of  course,  idealized.  In  actual  prac- 
tice one  rarely,  if  ever,  encounters  a complete  sequence.  Either,  it 
was  never  fully  developed,  or  has  suffered  subsequent  obliteration  in 
part  throus'h  succeeding  intervals  of  erosion  or  deformation.  There 
are  local  irregularities.  On-lap  or  otf-lap  are  not  necessarily  steadily 
progressive.  Fluctuations  and  hesitations,  reversals  and  resumptions 
of  the  trend  take  i^lace,  so  that  transverse  profiles  of  contem- 
poraneously-forming bands  of  sandstone  and  shale  are  usually 
ragged,  cut  up  by  many  small  zigzags.  The  result  is  the  recurrence 
of  certain  lithologic  types  with  characteristic  faunas  in  a given  ver- 
tical section.  These  are  particularly  patent  in  regions  that  lie  at  or 
near  not  only  the  border  between  facies,  as  where  sandstone  and 
shale  wTre  formed,  but  where  marine  and  continental  phases  tend 
to  oscillate  temporarily  for  mastery  before  the  final  ^change  sweeps 
on  over  the  section  in  question  and  its  sediments  become  dominated 
by  a particular  type  in  which  is  buried  its  distinctive  fossil  biota. 
We  may  now  turn  our  attention  to  the  Devonian  cycle  in  Pennsyl- 
vania and  try  to  understand  it  as  an  on-lap,  stillstand  and  off-lap. 

The  Devonian  cycle  in  Pennsylvania.  Much  of  the  Devonian  of 
Pennsylvania  appears  to  have  been  laid  down  in  a part  of  the 
Appalachian  geosyncline  which  included  a large  gulf,  aptly  termed 
by  Caster,  the  Penn-York  embaynient.  Referring  to  the  map  (Figure 
16),  it  is  observed  that  the  shore  at  the  time  of  maximum  flooding 
probably  entered  the  State  near  its  south-central  border  and  trended 
northeast  to  and  about  the  Cape  Cumberland  west  of  the  present 
Susquehanna  Valley.  Thence,  the  coast  swung  in  a wide  arc  south- 
east, east  (Lebanon  Bay),  northeast,  and  finally  north  across  New 
Jersey,  into  or  not  far  east  of  the  Hudson  Valley,  only  to  turn  north- 
west and  west  again  across  central  New  York  and  off  into  Ontario. 
Into  this  embaynient  overflowed  the  waters  of  the  epeiric  sea.  Here 
formed  our  Devonian  strata.  Here,  finally,  the  Catskill  continental 
facies  obliterated  all  sign  of  the  marine  environment.  That  the  Penn- 
York  embayment  was  open  to  the  midwestern  sea  is  prbi’ed  by  their 
related  faunas;  that  is  w^as  large  and  partook  of  the  physical  proper- 
ties of  that  sea,  cannot  be  denied.  This  is  borne  out,  if  we  recall 
the  southward  deflection  of  our  late  Devonian  delta  lobes,  by  a postu- 
lated clockwise  rotation  of  itlie  waters  of  'the  sea. 

Our  first  information  regarding  the  sediments  of  the  embaynient 
comes  from  the  Helderbergian.  The  limestones  and  limy  shales  of 
the  Helderberg  group  do  not  fit  into  the  orthodox  scheme  of  cyclic 
deposition.  Rather,  they  appear  to  be  relics  from  late  Silurian  con- 
ditions when  a restricted  incursion  of  the  sea  (Tonoloway  and  Keyser 
calcareous  sedimentation)  followed  the  Silurian  continental  facies,  the 
Bloomsburg  red  shale,  and  closed  Silurian  sedimentation.  The  Hel- 
derberg sea  occupied  much  of  the  embayment,  lapping  across  Penn- 
sylvania into  northern  New  Jersey  and  on  into  the  Hudson  Valley 
Here  and  there  sandy  and  even  pebbly  beds  in  our  eastern  sections 
justify  tbe  belief  that  the  coast  was  near  at  hand.  Either  that  shore 
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vras  very  lovr,  vas  itself  composed  largely  of  limestone  (an  improb- 
ability; or  tbe  climate  vas  so  arid  that  little  or  no  clastic  material  vas 
vrasbed  to  sea.  Judging  from  interpretations  of  late  Silurian  envir- 
onment, the  last  explanation  is  the  most  probable.  At  the  end  of 
Helderbereian  time  probable  commencement  of  tbe.  Devomajn  cycle 
cahie  -vlth  the  invasion  of  the  Oriskan}^  sea. 

Jluch  of  the  Oriskany  sand.stone  with  its  pebble  beds  and  large, 
thick-.shelled  invertebrates  is  doubtless  a neritie  zone  or  beach  deposit 
formed  near  or  on  Appalachia’s  coa.st.  But  the  sands  spread  far 
outward  over  the  shallow  bottom.  Deep  wells  in  north-central  Penn- 
sylvania encounter  Oriskany  sandstone  at  points  probably  midway 
between  the  north  and  south  shores  of  the  embayment.  Such  a con- 
dition may  have  an  approximate  counterpart  in  the  shallow,  but 
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Figure  95.  Generalized  section.®  of  the  Devonian  of  Pennsylvania  drawn 
to  show  particularly  the  facies  shifts,  vertical  scale  g^reatly  exaggerated. 

See  key  map.  Figure  9.3,  for  locations  of  sections. 

sandj’-floored  Xorth  Sea  today  where  .strong  currents  in  a constricted 
area  sweep  the  finer  sediments  away,  leaving  a bottom  depo.sit  of  rela- 
tively pure  quartz  sand. 

The  Oriskany  is  abruptly  followed  ( diseonforrnably  in  Pennsyl- 
vania at  least;  by  the  Esopus  sandy  shale  or  muddy  sandstone.  The 
“break”  may  be  due  entirely  to  a change  in  type  of  sediment  .sup- 
plied or  a modification  in  the  currents  agitating  the  Penn-York  erabay- 
rnent.  It  is  difficult  to  vision  a withdrawal  and  return  of  the  sea. 
Nevertheless,  the  absence  in  Pennsylvania  of  any  trace  of  the  Scho- 
harie of  New  York  is  irrefutable  evidence  of  an  interval  of 
non-deposition  if  not  ero.sion.  The  development  of  chert  and  local 
concentrations  of  iron  in  the  upper  part  of  the  Oriskany  bespeak  a 
period  of  exposure  which  I am  inclined  to  look  upon  as  of  appreciable 
duration.  Certainly,  the  abrupt  change  of  faunas  indicates  some  new 
sea  connection  that  opened  at  the  end  of  Oriskany  time.  Mud  and 
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muddy  sand  succeeded  the  cleaner  Oriskany  sands  to  the  east. 
Farther  ivest,  in  central  and  south-central  Pennsylvania,  the  con- 
temporaneous Needmore  limy  shales  formed.  Gradually  in  the  more 
central  parts  of  the  embayment,  and  east  even  to  the  Delaware  Val- 
ley, the  waters  cleared  and  limestones  of  the  Onondaga  group  were 
precipitated,  but  the  calcareous  facies  never  reached  as  far  east  as 
north-central  New  Jersey,  where  onlj^  mud  and  sand  of  Onondagan 
age  are  recognized.  This  region  may  be  thought  of  as  roughly  approxi- 
mating the  position  of  the  head  of  the  embayment  at  this  time.  Along 
the  southern  or  southwestern  borders  of  the  bay,  mud  continued  to 
dominate,  with  only  occasional  limy  beds  interspersed,  and  local 
(“marginal”)  unconformities  imply  a few  spots  of  nondeposition. 
Locally  the  lime  carbonate  was  displaced  by  black  mud,  precursor  of 
the  succeeding  Middle  Devonian  sediments.  The  Onondaga  limestones 
probably  mark  the  maximum  advance  of  the  cycle  or  stillstand.  They 
represent  the  widest  incursion  of  the  lime-forming  sea  of  the  advanc- 
ing cycle  of  the  Devonian.  With  the  Mareellus,  approximate  stillstand 
was  continued.  In  it,  indeed,  we  have  clearly  illustrated  the  typical 
sequence  from  shore  outward.  In  north-central  New  Jersey  the  Mar- 
cellus  is  represented  by  a sandstone  with  characteristic  Mahantango 
(“Hamilton”)  fossils.  Across  most  of  Pennsylvania  it  is  black  shale 
with  Mareellus  organisms.  Nevertheless,  it  is  distinctly  sandier  in  its 
eastern  parts,  and  a local  delta  in  the  Susquehanna  Valley  attests  the 
nearness  of  the  coast  in  that  area.  However,  where  the  Mareellus  is 
passing  under  the  later  beds  of  the  Allegheny  Plateau  in  Lycoming, 
Centre,  and  Huntingdon  counties,  in  a region  far  removed  from  the 
land,  limestones  displace  the  shale.  The  east-west  sequence,  sandstone, 
shale,  limestone,  is  thus  nearly  complete.  One  is  tempted  to  prophesy 
that  deep  drilling  in  west-central  Pennsylvania  would  show  a Mar- 
eellus limestone  completely  displacing  the  black  shale  facies.  The 
sea  continued  at  its  maximum  into  early  Mahantango  time,  but  there 
were  even  then  signs  of  change.  Already,  continental  beds,  the  first 
of  the  Catskill  facies,  appeared  in  the  Hudson  Valley,  in  north- 
central  New  Jersey,  and  Pulton  County,  Pennsylvania.  Still,  in 
Lycoming  and  adjacent  counties,  black  shale  of  the  Mareellus  type 
with  a Mareellus  recurrent  fauna  occurs  among  the  Mahantango  beds. 
The  wide  distribution  of  the  Onondaga  limestone  much  beyond  the 
limits  of  the  Tully,  the  succeeding  Mareellus  black  shale  (the  most 
persistent  unit  in  the  Devonian  of  Pennsylvania),  the  general  lack 
of  coarse  elastic  sediments  in  both  Onondaga  and  Mareellus  times, 
and  the'  initial  signs  of  continental  Devonian  sediments  about  the  close 
of  Mareellus  time  all  point  to  this  as  the  turning  point  of  the 
Devonian  cycle.  Substantiating  this  is  the  presence  in  the  Onondaga 
of  a new  fauna  distinct  from  the  Oriskany,  a fauna  whose  descendents 
continued  with  intermittent  introductions  of  new  elements  and  losses 
of  old  through  Llamilton,  Portage  and  Chemung  formations.  Lesser 
incursions  followed.  None  were  comparable  in  extent  to  that  of  the 
Onondaga  and  Mareellus.  I shall  mention  particularly  only  that  of 
the  Tully  and  Burket.  With  earliest  Mahantango  sedimentation  the 
latter  part  of  the  Devonian  cycle  was  in  full  swing.  It  terminated 
only  in  the  final  overwhelming  of  all  in  the  Catskill  fresh-water  facies. 
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The  termination  of  the  Hamilton  is  marked  by  a temporary  inter- 
rui)tion  of  otf-lap.  Cliaracteristie  Hamilton  sedimentation  ceased  over 
wide  areas  in  the  central  counties.  Limestone  (the  Tully)  and  the 
succ&edinp' black  mud  (Hie  Burket)  supercedied  it.  Probably  there 
was  no  diastrophism  save  in  the  south-central  areas  where  the  highest 
Hamilton  beds  are  thoug’ht  to  be  lacking.  Locally  there  was  an  inter- 
val of  quiet  following  the  initial  oft'-lap  stage.  The  black  Burket  mud 
crept  east  beyond  the  Lehigh  into  western  Monroe  County,  and  there 
jiassed  into  lower  Trimmers  Rock  sandstone.  Farther  to  the  west 
the  Tully  limestone  covered  the  quiet  sea  bottom.  But  off-lap  con- 
tinued in  the  extreme  east  even  as  there  was  an  interruption  of  the 
process  in  the  central  region.  The  sandy,  eastern  Hamilton  passes 
up  through  an  unbroken  sequence  into  the  lithologically  similar  Trim- 
mers Rock  sandstone.  There  is  nearly  as  little  faunal  change  as  there 
is  lithologic.  Almost  before  the  Tully,  Burket  and  Harrell  had 
formed,  the  muds  of  the  interior  of  the  embayment  began  to  change 
from  black  or  gray  to  greenish.  Rapidly,  the  complimentary  arena- 
ceous phase,  the  Trimmers  Rock  sandstone,  overspread  and  displaced 
the  pelitie  phase,  the  Brallier  green  to  gray  shale.  Stray  sandstone 
fingers  reached  west  and  groped  in  the  muds.  They  represent  minor 
fluctuations  along  the  line  of  phase  change  between  sand  and  mud. 
Before  the  close  of  Portage  time,  the  sands  had  practically  displaced 
the  muds  all  the  waj^  to  the  Allegheny  Front.  The  displacement  was 
completed  in  Chemung  time. 

Our  marine  Chemung  is,  to  all  intents  and  purposes,  a continua- 
tion of  the  arenaceous  marine  facies  of  the  Portage  sedimentation 
typified  in  the  Trimmers  Rock  sandstone.  It  completed  the  over 
whelming  of  the  Middle  Devonian  muds  to  the  west  and  was  itself 
continued  in  the  later  marine  units  of  the  Chautauquan  whose  final 
expression  is  recorded  in  the  Conewango  of  our  northwest  counties. 

Catskill  continental  beds  commenced  first  to  form  in  north-central 
New  Jersey  and  the  ILidson  Valle.y  in  early  Mahantango  if  not  late 
IMareellus  time.  Their  advance,  save  perhaps  for  partial  retardation 
in  Tully-Burket  time,  was  steadily  west  and  northwest.  They  appear 
in  middle  Portage  time  in  eastern  Pennsylvania.  They  transcend  the 
Portage  in  the  Susquehanna  Valley  where  the  easternmost  marine 
Chemung  fossils  are  found  in  Luzerne,  Perry,  Dauphin  and  Susque- 
hanna counties.  Yet  even  here,  in  the  southeasteim  corner  of  Perry 
County,  Catskill  red  beds  displace  the  latest  Portage  so  that  no  Park 
head  occurs  and  comparatively  little  of  the  Trimmers  Rock  appears 
to  be  present  (Structure  is  obscure.  Faulting  may  have  cut  some  of 
the  Portage  here).  The  red  beds  advanced  not  only  from  the  east, 
but  from  the  southeast  and  perhaps  even  the  south.  By  fairly  late 
Chemung  time  the  terrestrial  condition  reached  the  Allegheny  Front. 
There  the  further  advance  is  hidden  under  the  Mississippian  and 
Pennsylvanian  formations  of  the  Allegheny  Plateau.  But,  along  our 
northern  tier  of  counties,  the  closing  drama  of  continental  off-lap  is 
recorded  with  the  Catskill  steadily  devouring  one  marine  unit  after 
another  until  it  finally  encroached  upon  the  highest  in  our  most 
northwestern  sections. 
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Such  was  the  Devonian  cycle  in  Pennsylvania.  Sucli  was  its  advance 
and  retreat.  It  had  its  fluctuations,  its  local  exceptions  to  the  ideal 
se((uenee,  but  on  the  whole,  we  observe  a fairly  complete  sequence  of 
on-iap.  stillstand,  and  ott'dap  terminatiii”'  in  continental  conditions. 

Devonian  orogeny.  Can  we  reasonably  deduce  anything  rational 
as  to  the  causes  of  the  effects  observed  in  the  Devonian  cycle?  Is  it 
possible  to  determine  even  approximately  the  source  of  supply  of  at 
least  some  of  the  sediments?  Can  we  account  for  the  changes  from 
fine  to  coarse,  from  marine  to  continental?  Is  it  feasible  to  ascertain 
the  direction  from  which  the  sediments  may  have  come?  \Yhat  events 
were  transpiring  in  Appalachia  which  may  have  had  direct  or  indirect 
bearing  upon  these  happenings  in  the  old  Penn-York  embaymeiit? 

Some  of  these  questions  are  answerable  with  considerable  certainty; 
of  others,  a hint  of  the  answer  may  be  suggested ; for  the  rest,  there 
is  no  ready  explanation.  It  was  observed  that  the  rate  of  subsidence  of 
the  geosyncline  could  hardly  have  been  constant'.  Such  a conception 
is  based  upon  the  observations  of  fluctuations  in  the  cycle  and  that 
the  widespread  sandstones,  dark  shales  and  limestoiies  were  probably 
deposited  at  different  depths  in  some  cases.  If,  as  is  sometimes  postu- 
lated, such  black  shales  as  the  Mareellus  and  Burket  formed  in  rela- 
tively deep  water,  as  off  the  100-fathom  line  of  the  continental  shelf, 
considerably  deeper  water  may  be  postulated  than  for  the  ripple- 
marked,  sandy  shales  of  the  Mahantango  and  later  Portage.  Occa- 
sional conglomerates  have  been  recorded  in  the  Devonian  of  Penn- 
sylvania. Most  of  these  are  found  in  the  continental  facies,  bul 
Oriskany,  Ylahantango  and  Chemung  carry  them.  In  the  first  they 
may  represent  strand  or  neritic  zones,  in  the  second  they  are  thought  to 
be  part  of  a delta.  The  few  thin  conglomerate  beds  or  lenses  recorded 
in  the  latest  Chautauquan  in  northwestern  Pennsylvania  are  accoiint- 
able  as  near  shore,  tidal  or  estuarine  sediments;  or,  like  the  Oriskany, 
they  may  be  more  or  less  littoral,  since  they  occur  in  marine  strata 
which  pass  over  into  continental  beds  in  short  lateral  distances. 
There  is  no  widespread,  conglomeratic  marine  or  even  partially  marine 
Devonian  facies  alanogous  to  the  Shawangunk  and  Tuscarora  of  the 
Silurian.  Rather,  the  fresh  water  conglomerates  have  the  character 
of  the  later  Poeono  and  Pottsville  which  are,  from  all  available  evi- 
dence, non-marine  in  eastern  Pennsylvania.  The  thickest  and  most 
persistently  conglomeratic  Devonian  beds  are  recognized  in  the  non- 
red  units  of  the  Catskill,  particularly  the  Ilonesdale.  From  this  1 
exclude  such  unusual  deposits  as  the  Dyberry  glomerate  and  similar 
local,  nearly  contemporaneous  strata.  There  are  also  fairly  wide- 
spread conglomerates  among  the  red  beds  themselves,  typified  by  the 
Pimple  Hill  in  the  northeast  and  various  conglomeratic  zones  (I.  C. 
White’s  Lackawaxen  for  example)  in  the  south-central  areas.  These 
are  difficult  to  explain.  They  may  be  in  part  channel  deposits  oi 
represent  short  intervals  when,  through  diminution  of  supply  of 
fine  sediments,  local  reworking,  or  fluctuations  of  climate,  only  coarse 
material  was  left.  I have  mentioned  the  similarity  of  the  Honesdale 
of  late  Devonian  age  to  the  early  Mississippian  Poeono  and  how  foi' 
years  the  two  were  confused,  largely  because  of  strikinglj^  similar 
lithology  and  distribution.  It  is  altogether  probable  that  their  origii; 
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was  similar  both  as  to  source  of  materials  and  method  of  deposition. 
In  this  same  category,  though  composed  of  finer  elastics,  is  the  Elk 
Mountain  sandstone  and  the  Paupack  member.  Briefly,  if  one  ex- 
amines the  continental  Devonian  and  Mississippian  of  eastern  and 
northeastern  sections,  he  cannot  fail  to  be  impressed  by  the  sequence 
of  prominent  red  and  non-red  members.  The  thin  Analomink  red 
shale  marks  the  earliest  appearance  of  fairly  persistent  red  in  the 
northeast.  The  proportion  of  red  beds  increased  and  dominates  in 
such  thick  units  as  the  Damascus,  Mount  Pleasant  and  Cherry  Ridge, 
but  from  the  Delaware  River  flags  and  the  Paupack  on  through  the 
Honesdale  and  Elk  Mountain,  gray  or  greenish-gray  sandstone  and 
conglomerates  become  important  alternates  with  the  units  composed 
chiefly  of  red  strata.  Looked  on  as  a whole,  the  culmination  of  these 
non-red  members  was  reached  during  post-Devonian,  Pocono  depo- 
sition, though  red  sedimentation  returned  for  a final  flourish  in  the 
Mauch  Chunk,  in  turn  to  be  blotted  out  by  the  Pottsville  conglom- 
erate. Such  changes  cannot  be  easily  attributed  to  variations  in  the 
depth  of  the  Appalachian  geosyncline,  for  they  took  place  after  it 
had  filled.  Purely  from  the  nature  of  the  rocks,  it  is  extremely  dif- 
ficult to  establish  whether  they  formed  as  coastal  plain  sediments 
in  a subsiding  area  which  persistently  remained  above  sea  level,  or 
were  piled  up  as  thick  piedmont  deposits  adjacent  to  the  backbone 
of  Appalachia.  Barrell  (11,  12,  13)  seems  to  liave  favored  the  latter 
conception,  and  my  own  observations  lead  me  to  support  that  view. 

When  a mountain  range  is  rising,  erosion  is  accentuated.  The 
higher  the  mountain  rises,  the  greater  the  weathering  and  erosive 
powers  that  attack  it.  A constant  struggle  is  waged  between  suberustal 
forces  of  elevation  and  meteoric  and  surficial  forces  of  degradation. 
Eventually,  with  discontinuance  or  slackening  of  uplift,  the  process 
of  reducing  the  elevation  wins;  the  highlands  are  humbled.  But, 
while  both  powers  are  active,  while  erosion  is  strong,  there  will  be 
produced  about  the  foot  of  the  mountains,  that  is,  in  piedmont  regions, 
deposits  of  gravel  and  coarse  sands  often  of  great  thickness.  Our 
modern  mountain  ranges,  the  Alps,  the  Rockies,  bear  out  this  state- 
ment. Were  the  Alps  obliterated  and  the  conglomerate  and  coarse 
fresh-water  sandstones  of  the  Flysch  and  molasse  along  their  northern 
bases  preserved,  we  should  deduce  that  once  a mountain  system  rose 
to  the  south.  Such  are  precisely  my  deductions  as  to  the  origin  of 
our  non-red  members  or  facies  of  the  Catskill  and  of  the  Pocono. 
To  my  mind,  they  represent  material  swept  from  a rising  mountain 
mass  lying  east  and  southeast  in  Appalachia.  The  elevation  of  the 
mountains  was  sporadic  or,  better,  spasmodic.  With  each  new  uplift, 
sheets  of  sand  and  beds  of  pebbles  spread  west  and  northwest  over 
the  piedmont.  They  are  thickest,  coarsest,  heaviest  bedded  toward 
the  .“southeast  (cf.  Honesdale  and  Pocono  variations).  The  intermittent 
uplifts  increased  in  violence  to  the  last  grand  movement  at  the 
close  of  the  Devonian  period.  So  profound  were  its  effects  that  the 
sea  even  in  northwestern  Pennsylvania  withdrew  from  the  last  rem- 
nant of  the  Appalachian  geosyncline  within  the  State.  The  great 
onslaught  of  pebbles  and  sand  that  followed  is  preserved  in  the 
Pocono.  This  final  coiiAmlsion  of  mountain  building  is  conveniently 
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responsible  for  sharply  delimiting  the  Devonian  orogenieally  and 
stratigraphieally  from  the  Mississippian.  The  results  of  this  interval 
of  orogeny  is  our  expression  of  the  Acadian  disturbance  which,  in 
severer  form,  punctuated  the  closing  years  of  the  Devonian  in  the 
Maritime  Provinces  and  northeastern  United  States. 

Origin  of  the  red  Catskill.  What  of  the  red  units  of  the  Catskill 
facies,  if  the  non-red  parts  are  the  direct  expression  of  Acadian 
orogeny?  Here  is  reared  the  head  of  the  unlaid  spectre  of  the  origin 
of  red  beds,  a controversial  theme  almost  as  old  as  the  science  of  mod- 
ern geology.  It  is  not  my  intention  to  re-open  that  conflict,  nor  am 
I anxious  to  add  any  new  theory.  Rather,  I am  inclined  to  explain 
these  red  beds  through  suggestions  already  extant.  I have  not  fully 
accepted  all  points  of  any  one  theory.  Rather,  the  best  parts  of  at 
least  two  of  the  more  recent  explanations  seem  applicable.  I refer 
particularly  to  those  of  Joseph  Barrell  (13)  and  Percy  E.  Raymond 
(166).  Both  are  masterly  exposition  by  two  of  the  keenest  observers 
of  American  Paleozoic  stratigraphy. 

Barrell  postulated  that  the  red  beds,  speaking  particularly  of  the 
Old  Red  of  the  British  Isles,  but  applying  also  to  the  Catskill  and 
Maueh  Chunk,  originated  under  a particular  and  exceptional  phase 
of  sedimentation  ruled  by  semi-arid  climatic  conditions.  He  suggested 
simply  a succession  of  alternate  wet  and  dry  seasons.  During  the  wet 
season,  streams  from  the  mountains  distributed  vast  sheets  of  sedi- 
ments. In  the  dry  season,  complete  oxidation  of  small  amounts  of 
ferrous  iron  present  in  the  sediments  produced  the  red  color.  To  this, 
Raymond  objects.  The  constructive  criticism  offered  is  chiefly  that 
life  was  too  abundant  to  admit  prolonged  seasons  of  drought  and  that 
dry  seasons  are  an  inadequate  cause  to  redden  the  elastic  sediments. 
With  the  first  of  these  objections  I concur,  for  certainly  there  was  a 
wealth  of  plant  life  in  the  Catskill  terrane,  sufficient  to  have  produced 
thin  coal  beds  locally.  The  streams  supported  an  abundant  piscine 
fauna.  As  to  the  inability  of  the  sediments  to  be  turned  red  during 
a season  of  aridity,  Raymond’s  objection  appears  fully  supported 
from  my  own,  admittedly  limited,  observations  or  understanding  of 
sediments  forming  today  under  conditions  approximating  those  sug- 
gested by  Barrell.  I am,  nevertheless,  in  entire  accord  with  Barrell 
as  to  the  piedmont  or  coastal  plain  or  even  deltaic  origin  of  the 
sediments.  The  method  of  origin  he  supported,  not  the  method  of 
coloring,  meets  with  my  own  ideas.  Raymond  suggests  that  the  sedi- 
ments had  already  assumed  a red  hue  prior  to  transportation  and 
deposition.  This  theory  I heartily  second.  One  has  only  to  journey 
through  our  limestone  valleys  or  visit  those  of  the  more  southern 
Appalachians  to  be  impressed  with  the  reddish  soil  colors.  Red  soil 
is  seen  in  travelling  from  Richmond  westward  to  the  mountains  of 
Virginia.  Here,  in  a region  underlain  by  crystalline  rocks,  not  lime- 
stone, there  is  observed  reddish  residual  soil  oxidation  in  deeply 
weathered  areas.  A species  of  laterizations  is  going  on  under  our 
very  eyes.  Yet  vegetation  is  abundant  and  the  winters  are  compara- 
tively cold.  How  much  more  intense  the  production  of  laterite  is  in 
the  moist  tropics  is  a geologic  axiom. 
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During-  the  intervals  of  quiet  that  separated  times  of  rapid  uplift 
of  the  liighlands  of  Appalachia  throughout  the  progress  of  the 
Acadian  disturbance,  it  is  conceivable  that,  after  the  first  period  of 
i-apid  erosion,  the  heights  -were  reduced  and  weathering  in  situ  over- 
balanced erosion.  Under  such  circumstances,  laterizatioii  conceivably 
could  progress  a pace.  Deeply  oxidized  soils  should  accumulate.  Red 
or  reddish  soils  could  form,  even  in  the  presence  of  vegetation,  if  the 
climate  were  not  too  cool.  That  the  late  Devonian  may  have  been 
temperate  is  attested  by  the  occurrence  of  ice.  But  the  evidence 
drawn  from  the  presence  of  corals  in  the  sea  throughout  the  period 
implies  anything  but  a frigid  climate.  The  abundant  land  flora  is 
supporting  evidence  for  such  a contention.  Now,  let  the  rivers,  their 
Iransporting  powers  reduced  through  lowered  gradients,  carry  the 
red  soil  seaward  and  spread  it  wide  on  lowland,  piedmont  and  coastal 
plain.  With  rejuvenation,  the  streams  for  some  time  must  be  occupied 
in  reworking  the  lateritic  rock  mantle.  The  result, — red  beds  whose 
color  is  chiefly,  as  Raymond  has  postulafed.  of  primary  origin,  unlike 
Barren’s  theory  of  secondary  coloration. 

These  postulates  find  further  credence  when  one  notes  the  contact 
between  red  and  non-red  units.  The  older  literature  teems  with 
accounts  of  “transitional”  beds  between  these  members.  Such,  in  a 
sense,  these  are.  However,  from  the  foregoing  orogenic  theory,  if 
residual  soils  accundate  during  intervals  of  quietude,  when  erosion 
is  accentuated,  the  fir.st  loads  of  the  rejuvenated  streams  must  con- 
sist largely  of  transported  regolith.  As  this  is  cleared  away,  more  and 
more  unaltered  material  is  incorporated  in  the  loads  of  the  rivers 
until  finally,  in  a later  stage,  only  relatively  fresh  rock  fragments  are 
being  transported  and  deposited.  But,  during  the  transition  between 
dominantly  red  and  dominantly  grayish  sediments,  an  alternation 
between  the  two  must  obtain.  *S'»ch  is  the  nature  of  the  transitional 
beds.  Therefore,  based  upon  the  orogenic  explanation  of  alternation 
in  Catskill  sediment  types,  the  first  red  bed  of  a “transition”  may 
1)6  considered  the  base  of  the  succeeding,  dominantly  red  unit.  Con- 
versely, the  first  gray  stratum  is  the  initial  indicator  that  rejuvenated 
streams  caused  by  renewed  mountain  building  and  iiplift  are  cutting- 
deep  into  upraised  rock,  stripping  it  of  its  red  regolith. 

So,  through  middle  and  late  Devonian  time,  the  mountains  of 
Appalachia  alternately  rose  and  were  degraded.  AVlien  they  stood 
high,  laterite  or  reddish  soils  had  no  place  to  form.  Rapid  erosion 
bore  the  coarse  detritus  away,  and  youthful  rivers  carried  it  down  to 
form  the  non-red,  sometimes  pebbly  units  of  the  Catskill,  typified  by 
the  Honesdale.  When  the  mountains  w-ere  reduced,  red  soils  accumu- 
lated and  mature  or  “old  age”  streams  ran  red  in  time  of  flood. 

This  is  an  orogenic  explanation  of  the  marked  alternation  of  color 
among  our  Catskill  members.  In  closing  let  me  say  once  more  that 
the  relative  thicknesses  and  areal  distributions  and  variations  in  tex- 
ture of  these  same  units  point  to  the  southeast  as  the  major  region 
from  Avhich  these  elastics  came.  The  old  sea  was  extinct;  and,  where 
the  Penn-York  embayment  had  spread  its  salt  flood,  a thick  wedge 
of  fresh-water-formed  beds  was  next  built  up,  its  feather  edge  towmrd 
the  northw’est,  its  base  far  to  the  southeast,  partly  beyond  the  limits 
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of  our  Commonwealth,  abutting  against  highlands  which  rose  where 
Washington,  Baltimore,  Philadelphia  and  New  York  sprawl  today, 
spreading  metropolitan  vastnesses  unconscious  of  the  alpine  roots 
beneath  their  cellars. 


EPILOGUE 

The  old  conflict  between  \iniformitarianism  and  catastrophism  is 
not  done,  forgotten,  dead  and  buried  even  at  this  day  and  state  of 
geologic  knowledge.  Many  a twentieth  eentux’y  geologist  calls  himself 
a uniformitarian,  but  a distressingly  numerous  percentage  of  us  are 
still  catastrophists  at  heart.  Old  misapprehensions  wrap  cephalo- 
podian  tentacles  about  modern  concepts.  Geologic  revolutions  are  said 
to  be  separate  eras;  disturbances  are  called  the  dividing  lines  betwee)i 
periods.  As  a means  of  punctuating  geologic  time,  the  revolution  is 
usually  valid,  the  disturbance  less  often  so.  The  magnitude  of  the 
disturbance,  both  as  to  duration  and  extent  of  region  affected,  varies. 
Was  the  Caseadian  revolution  more  cataclysmic  than  either  the  Cale- 
donian or  Acadian  disturbances?  Many  periods,  seemingly  established 
upon  disturbance-marked  limits,  have,  except  locally,  no  such  pre- 
cise boundaries.  The  revolution  may  be  far  flung,  but  is  it  ever 
truly  world  wide?  How  much  more  local  must  be  the  disturbance? 
The  sedimentary  cycle  should  be  and  to  many  is  the  basis  for  defining 
the  system  and  in  turn  limiting  the  period.  Minimum  floodings  mark 
the  interperiodic  or  intersystemic  nodes  of  an  era.  Greatest  flood- 
ings represent  the  maxima  of  systemic,  areal  development.  Yet  even 
here  our  concept  tends  to  break  down,  for  the  floodings  and  reces- 
sions of  the  seas  are  not  necessarily  chronologically  amenable  to 
universal  correlations  or  even  over  a single  continent.  Nevertheless, 
it  is  the  sequence  of  sedimentary  cycles  that  makes  the  era  truly 
periodic. 

What  is  the  areal  magnitude  of  the  rocks  formed  during  a cycle? 
If  they  were  produced  by  a world-wide  change  in  sea  level  or  a 
world-wide  uplift  or  depression,  simultaneously,  of  all  the  land 
masses,  the  definition  of  our  periods  and  systems  would  prove  a 
relatively  simple  matter;  and  the  correlations  between  remote  regions 
would  bring  joy  to  the  hearts  of  the  stratigraphers  and  geologic 
historians.  But,  the  individual  cycles  seem  to  be  due  to  isolated, 
epeiric  movements  with  or  without  orogenic  accompaniment.  Our  very 
paleogeographic  and  paleophysiographic  maps  and  charts  witness 
not  only  this  but  also  the  still  more  restrictive  facts  that  continental, 
diastrophic  movements  and  mountain  building  are,  often  as  not,  con- 
fined to  only  one  part,  and  perhaps  a relatively  small  part,  of  a 
particular  major  landmass.  Thus,  the  up-warpings  and  down- 
warpings  of  the  continental  crust  of  our  own  North  America,  move- 
ments which  were  responsible  for  the  development  of  its  geo.synelines. 
its  epeiric  and  its  epicontinental  seas,  are  often  local  and  appear  first 
in  one  quarter  or  another  and  thence  spread  to  adjacent  domains. 

A sedimentary  cycle,  be  it  emphasized,  is  expressed  in  a sequence 
of  sediments  deposited  during  a more  or  less  complete  continental 
submergence.  Fragmentary  or  incomplete  cycles  are  recognized.  The 
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cycle  may  or  may  not  be  modifieci  by  contemporaneous  mountain  build- 
ing, and  the  strata  of  the  cycle  may  or  may  not  be  the  close  chrono- 
logical equals  of  other  strata  spoken  of  as  belonging  to  the  same 
system  but  laid  down  in  separate  or  only  remotely  connected  geosyn- 
elines  or  epeiric  seas. 

Consider  the  Devonian  of  eastern  United  States,  particularly  of 
Pennsylvania.  No  orogenic  activity  punctuated  the  close  of  the  Silur- 
ian. Where  is  the  intersystemic  hiatus  immediately  before  the  De- 
vonian? The  relations,  physical  and  biologic,  between  the  two  systems 
are  essentially  transitional.  The  so-nominated,  early  Devonian  (Ilel- 
derbergian)  was  marked  by  physical  conditions  almost  identical  to 
the  latest  Silurian.  The  Appalachian  geosyncline  was  occupied  by 
a widening  invasion  of  a shallow,  lime-depositing  sea.  The  Devonian 
cycle  was  initiated  in  characteristic  and  distinctive  aspect  only  in 
Oriskany  sedimentation;  the  maximum  flood  followed  in  late  Onon- 
dagan  and  early  Mareellus  time.  Recession  or  negative  transgression 
with  continental  off-lap  began  somewhere  about  Mareellus  or  early 
Skaneateles  (earliest  Mahantango)  time.  What  stillstand  there  was 
seems  recorded  in  the  Onondaga  limestone  and  probably  in  part  too 
in  the  Mareellus  black  shale.  The  recession  is  broken  by  onl.y  one 
important  interruption,  the  Tully-Burket-Harrell  interval,  which,  sub- 
cyclic  in  character,  is  less  all-embracive  areally  than  the  Onondaga- 
Marcellus  interval.  The  Acadian  orogeny  was  truly  a disturbance 
whose  effect  was  directly  or  indirectly  appreciated  in  Pennsylvania. 

Long  usage  has  separated  the  Devonian  system  into  three  parts. 
The  Lower  is  marked  off  from  the  Middle  at  the  top  of  the  Oriskany. 
The  Middle  and  Upper  are  split  at  the  Tully.  Dissention  from  this 
scheme  exists  today,  has  persisted  for  years.  The  Devonian  or  Silurian 
assignment  of  at  least  the  lower  part  of  the  “Ilelderberg”  (Keyser) 
has  been  debated.  The  Middle  or  Upper  Devonian  affinities  of  the 
Tully  fauna  are  questioned.  If  a truly  cyclic  interpretation  be  put 
upon  the  .system  it  is  more  correctly  bipartite  than  tripartite.  There  is 
merely  a Lower  and  Upper  Devonian  representing  on-lap  and  off- 
lap,  since  stillstand  leaves  relatively  little  record.  Long  usage  is  a 
rock  which  will  withstand  to  a remarkable  degree,  the  erosive  and 
weathering  power  of  dissenting  opinions.  Nevertheless,  I protest 
against  the  trisection  of  the  Devonian,  at  least  in  Pennsylvania  and 
adjacent  regions.  I would  separate  the  Lower  from  the  Upper 
Devonian  at  the  top  of  the  Onondaga  limestone.  There  is  much  in 
support  of  I.  C.  White’s  drawing  the  base  of  the  Devonian  at  the 
bottom  of  the  Oriskany.  There,  the  on-lap  of  the  cycle  really  began ; 
there,  a marked  physical  and  biologic  change  shook  off  persistent 
Silurian  traits  of  the  Helderberg  and  assumed  a Devonian  aspect.  As 
a compromise  with  the  “die-hards”  who  will  gasp  in  horror  at  my 
ieonoelasm,  I am  wdlling  to  call  the  Helderberg  (though  not  included 
in  the  true  Devonian  cycle),  and  the  Oriskany,  Lower  Devonian, — 
Onondaga,  Middle  Devonian, — and  the  post-Onondaga  part  of  the 
system,  LTpper  Devonian.  To  those  who  insist  on  conformity  with 
European  sequences,  this  arrangement,  of  course,  will  never  find 
favor.  My  suggestions  are  not  made  with  the  hope  of  their  immediate 
recognition.  I am  not  anxious  to  see  accepted  any  rash  assumptions 
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based  upon  data  drawn  from  an  admittedly  limited  area.  Such 
should  not  alter  time-honored  concepts  without  thorough  criticism. 
In  the  body  of  this  report  I have  used  the  orthodox  and  con- 
ventional Lower,  Middle  and  Upper  Devonian  definitions.  This  clas- 
sification I protest  as  illogical,  but  as  yet  it  is  not  sufficiently  decadent 
to  be  relegated  to  the  limbo  of  Rogers’s  fantastic  terminology. 

Furthermore,  I protest  the  present  use  of  such  terms  as  group,  for- 
mation and  member.  There  is  a deplorable  tendency  to  map  time,  not 
rocks.  I object.  System,  I would  retain  in  the  sense  of  connoting  the 
rocks  of  a designated  period  produced  during  a major  cycle.  Group 
is  less  offensive  than  formation  or  member.  It  may  be  retained,  but  I 
prefer  to  see  it  applied  to  the  strata  laid  down  during  a particular, 
cyclic  phase,  as  an  on-lap  group  or  off-lap  group.  Geographic  names 
might  even  be  tacked  on  in  such  a nomenclature.  If  formation  be 
truly  a “mappable  unit”,  amen!  But  there  is  too  much  looseness  in 
its  application.  Beds  of  totally  different  facies  may  be  mapped  as 
the  same  formation.  Such  is  hardly  a unit,  however  mappable.  I 
should  prefer  to  confine  the  meaning  of  formation  to  a mappahle 
facies.  Variations  of  that  facies  such  as  may  be  produced  by  a tem- 
porary interruption  of  transgression  may  be  designated  as  members, 
and  in  so  doing  many  actually  are  identical  to  plenty  of  mem- 
bers and  formations  recognized  today  under  the  present  system  of 
identification. 

The  geologic  system  is  cyclic,  and  as  a cycle  of  sedimentary  rocks, 
its  sequence  must  be  unravelled,  its  component  parts  and  distribution 
interpreted,  both  as  to  areal  distribution  and  eontemporaniety.  It  is 
composed  of  continuously  formed  facies,  themselves  ever  changing 
in  age  and  passing  laterally  into  beds  of  another  facies,  formed  simul- 
taneously, the  whole  mutually  complementary.  Caster  (33,  34)  has 
described  the  facies  development  of  the  late  Devonian  and  early 
Mississippian  beds  of  northwestern  Pennsylvania  and  southwestern 
New  York.  What  he  has  described  in  detail  is  a concept  long  recog- 
nized in  general  for  this  and  many  other  regions.  Ilis  nomials, 
magnafacies  and  parvafacies,  are  convenient,  but  superfliious  in  the 
already  term-glutted  phrasiology  of  stratigraphy.  Nevertheless,  I 
have  seen  fit  to  allude  to  them  niore  than  once  in  this  report.  Whether 
we  eventually  shall  speak  of  parts  of  the  sedimentary  cycle  in  Caster’s 
terms  remains  to  be  seen.  Whatever  the  final  nomenclature  turns  out 
to  be,  I devoutly  hope  that  a simple,  really  rational  one  based  upon 
the  true  and  correct  application  of  the  marine  transgressive  cycle 
will  prevail.  I look  forward  to  the  day  when  our  stratigraphically 
trained  geologists  will  map  sedimentary  facies  as  freely  and  truly  as 
their  co-workers,  the  specialists  in  igneous  and  metamorphic  phenom- 
ena, delineate  the  multitudinous  ramifications  of  the  rocks  in  their 
chosen  provinces. 
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INTRODUCTION 

To  date,  no  adequate  attempt  has  been  made  to  illustrate  the 
Devonian  faunas  of  Pennsylvania.  Extant  works  cover  geologically 
and  geographically  onlj^  limited  portions.  Caster  (32)  illustrated 
many  of  the  later  Devonian  forms  from  our  northwestern  counties. 
Thanks  to  his  work,  it  has  been  deemed  unnecessary  to  include  much 
of  this  material  in  this  report.  Swartz  (209,  211)  has  illustrated  a 
number  of  the  Lower  Devonian  ostracoda.  Kindle ’s  Onondaga  studies 
(127)  figured  a few  of  Pennsylvania’s  fossils.  I myself  have  figured 
rertain  new  or  representative  Tully  fossils  (255).  Incidental  articles 
from  time  to  time  have  appeax’ed  which  contain  illustrations  of 
Devonian  fossils  from  Pennsylvania.  Among  their  authors  are  Ar- 
nold, Beecher,  Cleaves,  Eastman,  Elders,  Eller,  Hall,  Newberry,  Yokes 
and  Willard.  Their  articles  are  found  among  the  references  in  the 
appended  bibliography.  Despite  all  these  articles,  most  of  the 
Devonian  fauna  of  Pennsylvania  remains  unillustrated.  Consequently, 
it  is  fortunate  that  our  Devonian  fossils  are  predominantly  those  of 
species  which  have  been  figured  from  and  are  well  known  in  neigh- 
boring States.  Thus,  in  New  York,  the  classic  tomes  of  James  Hall 
and  John  M.  Clarke  (112,  113,  114,  115,  116,  117,  118,  119,  etc.)  and 
other  outstanding  workers  at  Albany  are  our  chief  source  of  refer- 
ence. These  books  themselves  include  illustrations  of  a few  specimens 
actually  collected  in  Pennsylvania.  The  Geological  Surveys  of  Mary- 
land (143),  New  Jersey  (223),  and  Ohio  (163)  have  also  con- 
tributed bulletins  that  illustrate  Devonian  fossils  common,  too,  in 
Pennsylvania. 

The  Devonian  faunas  of  Pennsylvania,  especially  those  of  the 
Middle  and  Upper  Devonian,  appear  to  be  both  numerically  and 
specifically  poorer  than  those  of  the  corresponding  strata  in  New 
York.  Conversely,  they  usually  exceed  in  abundance  those  of  Mary- 
land and  New  Jersey.  Surprisingly -few  new  species  are  recognized 
in  our  Devonian.  It  is  not  the  purpose  of  the  present  report  to  exhaust 
the  possibilities  of  Devonian  paleontology  in  Pennsylvania.  Specific 
descriptions  and  synonymy  are  omitted.  For  this  reason  most  new 
species  are  omitted,  and  very  few  fossils  whose  specific  identity  is 
undetermined  are  included.  The  scope  and  purpose  of  this  bulletin 
hardly 'warrant  such  data.  In  other  words,  it  is  the  intent  in  Chapter 
XI  to  publish  a series  of  illustrations  which  will  serve  as  a key  to 
the  Devonian  faunas  of  Pennsylvania.  It  seems  particularly  desirabU 
to  have  a work  available  in  which  the  common  Devonian  forms  of  the 
State  are  illustrated  and  their  presence  in  Pennsylvania  thereby  estab- 
lished. Eventually,  a fuller  treatment  of  the  paleontology  of  the 
system  may  be  undertaken. 

No  apology  is  offered  for  the  material  used  as  illustrations,  how- 
(“\’er  f 1'agmcntai‘y.  It  must  be  racalled  that  oui"  Middle  and  Upper 
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Devonian  is  dominantly  clastic — it  mostly  lacks  the  limestones  and 
the  shale  facies,  of  Xew  York.  Where  a prominent  shale  facies  does 
develop,  such  as  the  Brallier,  it  may  be  found  nearly  barren.  There- 
fore, many  of  our  specimens,  originating  in  shallow  water,  buried  in 
sandstone,  are  poorly  preserved  and  fragmentary.  Identification  may 
have  been  based  upon  several  poor  or  broken  examples,  of  which  one 
or  two  of  the  best  have  been  photographed.  As  far  as  possible  re- 
touching has  been  avoided,  but  in  certain  cases,  notably  among  the 
Middle  and  Upper  Devonian  peleeypods  and  gastropods,  it  has  been 
necessary  to  make  some  .slight  alterations  of  the  original  photographs 
and  to  indicate  the  outline  of  an  entire  specimen  where  only  a frag- 
ment is  figured. 

The  Keyser  and  Helderberg  faunas  and  Shriver  ostracoda  are 
illustrated  entirely  by  Frank  M.  Swartz;  1 am  chiefly  responsible  for 
the  Oriskany  and  later  figures.  Exceptions  are  certain  of  the  Onon- 
daga fossils  from  the  Lehigh  Valley  paint  ores  which  were  photo- 
graphed by  Lawrence  'Whitcomb.  His  original  negatives  were  kindly 
loaned  me  for  lise  in  this  bulletin.  The  Tully  fossils  are  largely 
taken  from  illustrations  from  my  recent  Tully  paper  (255).  These 
were  prepared  by  G.  Arthur  Cooper  and  A.  K.  Miller,  whose  help  is 
here  acknowledged  afresh. 

The  plates  are  arranged  to  conform  to  the  distribution  of  materials 
in  the  foregoing  chapters.  Thus,  Plates  1 through  7 illustrate  Chapter 
II  on  Keyser  and  the  Helderberg  by  Frank  M.  Swartz.  Plates  8 
through  1-1  are  figures  of  the  Oriskany  of  Chapter  III  by  Arthur 
B.  Cleaves.  The  remaining.  Plates  15  through  32,  are  of  IMid- 
dle  and  Copper  Devonian  fossils  (conventional  usage)  to  accompany 
my  chapters  on  those  epochs. 
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PLATE  1 

KEYSER  FOSSILS 

(All  Figures  x 1,  except  as  noted) 

Cladopora  rectilineata  Simpson  and  other  corals,  x 114;  coralline 
beds,  63  feet  below  top  Keyser  limestone,  section  opposite  Beth 
Israel  Temple,  Altoona,  Blair  County. 

Chonetes  iersepensis  Weller,  external  mold,  dorsal  valve,  retaining 
part  of  shell,  exterior  of  incomplete  ventral  valve  and  interior  of 
a ventral  valve.  Respectively  from:  Gypidtila  prognosHca  subzone, 
68  feet  below  top  Keyser  limestone,  Penna.  E.  E.  south  of  ^Mexico, 
Juniata  Countj" ; 10  feet  above  base  Kej’ser,  east  side  Pine  Creek 
near  Jersey  shore,  Lycoming  County;  G.  prognostica  subzone,  Key- 
ser limestone,  1 mile  north  Selinsgrove  Junction,  Northumberland 
County. 

Gypidula  prognostica  Maynard.  3a,  b,  ventral  valve,  and  slab  show- 
ing abundance  of  species ; G.  prognostica  subzone,  68  feet  below 
top  of  Keyser  limestone,  Penna.  R.  E.  south  of  Mexico,  Juniata 
Count3'.  3c-e,  dorsal  views  of  2 large  shells,  side  view  also  of  first  ; 
plications  rather  weak ; G.  prognostica  subzone  of  Keyser  limestone, 
north  bank  Juniata  River,  opposite  Mt.  Union,  Mifflin  Countj-. 

Camarotoechia  gigantea  Maynard.  Incomplete  ventral  valve;  mid- 
dle Keyser  limestone,  north  side  Juniata  River,  opposite  Mt.  Union, 
Mifflin  County. 

Stenochisnia  deckerensis  (Weller).  5a,  dorsal  view;  2 feet  above 
base  Decker  limestone,  old  'William  Nearpass  quarries,  N.  J. ; ob,  c, 
somewhat  smaller  ventral  and  dorsal  valves,  respectively;  Decker 
sandstone  member  Keyser,  Croasdale  Manor  east  of  Stroudsburg, 
Monroe  County,  and  lower  part  Keyser  limestone,  about  6 miles 
east  of  WTlliamsport,  Lj’coming  County. 

Rensselaeria  mutahilis  (Hall).  Dorsal  views  of  medium-sized  shell 
and  of  a large  dorsal  valve.  Respectively  from  128  feet  above 
base  Ke3"ser  limestone,  along  Penna.  R.  R.  1 mile  south  of  Dalmatia, 
Northumberland  Count3%  and  R.  mutabilis  subzone,  Keyser  lime- 
stone, Mount  Rock,  Mifflin  County. 

“Spirifei'”  modest  us  Hall.  Dorsal  and  ventral  views,  70  to  75  feet 
above  base  Keyser  limestone,  Penna.  R.  E.,  south  of  Mexico,  Juniata 
County. 

“Spirifer'’  modestus  var.  pUcatus  Maynard.  Ventral  and  side  views 
of  transverse  shell  and  ventral  view  of  smaller,  ventral  valve ; 24 
and  22  feet,  respectively,  above  base  of  Keyser  limestone,  1 mile 
north  of  Selinsgrove  Junction,  Northumberland  Count3". 

“Spirifer  vanuxenii  Hall.  Incomplete  ventral  valve;  45  feet  below 
top  Ke3"ser  limestone,  1/2  mile  east  of  Hollidaysburg,  Blair  County. 

Merista  typa  (Hall).  lOa-c,  ventral,  dorsal  and  posterior  views, 
the  umbo  slightly  broken,  showing  part  of  internal,  curved  plate  ; 
loose  material,  near  middle  Keyser  limestone,  north  bank  Juniata 
River  opposite  Mount  Union,  Mifflin  County.  lOd,  weathered  in- 
terior, posterior  part  ventral  valve,  showing  portion  of  character- 
istic “shoe-lifter”  process;  M.  typa  subzone,  Ke3’ser  limestone,  west 
slope  Little  Mountain  west  of  Monterey,  Va. 

Meristella  praenuntia  Schuchert.  Three  ventral  and  a side  view. 
Note  variations.  11a,  c from  135  feet  above  base  Keyser  limestone, 
Penna.  R.  R.,  1 mile  south  of  Dalmatia,  Northumberland  County. 
11b,  d,  25  feet  below  top  Keyser  limestone,  Penna.  R.  R.  south  of 
Mexico,  Juniata  County. 
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TfntaciliteH  (njracanthiifi  (PKiton).  Slab  with  numerous  specimens 
trom  3y  feet  below  top  Keyser  limestone,  Clarks  Mill,  Perry  County. 

('nlinaoir  ramcrata  Conrad.  Imperfect  cranidium  and  small 
pygidiuni : ('dli/ijieiie  raincruta.  subzone,  middle  Keyser  limestone 
near  top  Dy.son  and  Rice  rpiarry,  Landisburg-,  Perry  County. 


altooiiniKis  Swartz.  Sale  and  ventral  views,  bolotype. 
X 29;  38  feet  below  top  Keyser  limestone,  section  opposite  Betb 


Isreal  Temple,  Altoona,  Plair  County. 


iA’i)n-(1iha  .scahiri!<  Jones.  Left,  right  and  dorsal  views  of  carapace 
X 3,  showing  characteristic  dorsal  hump  of  left  valve,  muscle  scar 
and  finely  granulose  surface;  L.  fn-ahiri.'^  suhzone,  19  feet  above 
base  Keyser  limestone.  Clarks  Mill,  Perry  ('ounty. 
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COMKAHISOX  OP  LOWER  KEYSER  AXI)  COBLESKII.L  BRA(  II I Ol'OILV. 

I.  N’iew  X 1 of  slab  from  (’obleskill  limestone  near  Sehoharie,  A"e\\ 

't'ork,  bearing-  ChoncteH  jcrxeiieiisin.  "Spirifrr”  corallineusix. 
(Unnarotoccli  ia  litchp'eldenxis,  Rh  !nichosi>ir(i  sjj..  and  ostracoda.  The 
slab  was  loaned  by  the  Xew  York  State  Musenm,  and  is  the  onl\- 
museum  specimen  of  Choitetrx  jcrxciinixis  from  the  ('obleskill  lime- 
stone in  the  area  west  of  the  llelderberg-  Mountains. 

So  far  as  the  writer  knows,  no  P.  jcrxriiruxix  from  this  area  has 
ever  been  figured.  The  illustration  used  by  Orabau  (X^.  Y.  State 
Museum,  Geology  of  the  Schoharie  Valley)  and  by  others  is  evi- 
dently copied  from  Weller  (Pal.  A".  .1.  vol.  3 (1903)  pi.  20,  fig.  16). 
This  figure  represents  a variety  whicli  occurs  in  the  Decker  lime- 
stone in  X’ew  Jersey,  and  in  which  the  post-lateral  ribs  radiate  from 
the  beak,  and  do  not  angulate  from  the  hinge  as  in  Weller’s  figures 
12,  15.  The  latter  form  is  the  one  which  is  so  characteristic  of  the 
lower  Keyser  in  the  middle  .Appalachian  region,  it  should  be  con- 
sidered tj'pical  Chonetes  jcrsei/euxix ; while  the  specimens  witli 
radiate  p>ost-lateral  ribs  should  he  regarded  as  a variety  if  not  a 
distinct  species. 

The  occurrence  of  characteristic  ('.  jerxci/cnxix  in  the  (’obleskill 
in  its  type  area  in  Xew  Y’ork  is  of  great  interest.  The  species  was 
first  reported  in  the  Cableskill  fauna  by  Sehuchert  (On  the  Alanlius 
formation  of  Xew  Y"ork,  .Amer.  Geol.,  vol.  31,  1903).  It  was  con- 
sidered by  him  one  of  the  specially  important  species  for  proving 
the  post-Salina  age  of  the  “.Nianlius”  (=  ('obleskill  to  Alanlius)  of 
central  Xew  York,  since  he  had  found  it  to  l)e  abundant  in  the 
definitely  post-Salina  “Alanlius"  (=z  lower  Keyser)  of  western 
Maryland  (Sehuchert,  1900).  Hartnagle  also  iiublished  similar  con- 
(dusions  in  1903.  and  likewise  cited  ji'rxciiriixis  from  the 

Cobleskill. 

2a.  b.  (’honetex  jrrxeiieiixix  Weller.  A'iews  .x  1 of  incomjilete  \entral  \ alve. 

from  10  feet  above  base  of  Keyser  limestone,  east  side  of  Pine 
(’reek,  near  Jersey  Shore,  Pennsylvania  ; and  interior  of  ventral 
valve,  from  Gi/ijidiila  iirof/iioxt icti  /.one  of  Keyser  limestone,  1 mile 
north  of  Selinsgrove  .Junction,  I’ennsylvania.  'I'hese  individuals  are 
a little  larger  than  the  specimen  on  the  ('obleskill  slab,  and  the 
anterior  curvature  of  the  lateral  ribs  is  a little  moi-e  distinct. 

3a.  b.  Barts  of  the  Cobleskill  slab,  slightly  enlarged,  and  showing  dorsal 
and  ventral  valves  of  coritnhiviixix''  Grabau.  'I'liese  speci- 

mens fall  within  the  range  of  characters  seen  in  “Siiirifer" 
iiiinlcxtiis  Hall  and  •‘S'.’’  modcstiix  var.  plicatiix  Aiaynard  of  the  lower 
Keyser  (figures  4a-f),  and  for  the  most  part  should  be  considered 
synonymous  with  Alaynard’s  species.  However,  the  classification  to 
l)e  followed  requires  a further  check  on  the  cdiaracters  of  the 
holotypes  of  “b'.’’  corallinciisix  and  "S.”  rririisi.s  (Irahaii.  The  (’oble- 
skill specimen  of  “.kp/ri/er  crigpiix”’  figured  by  Hall,  and  cited  as  the 
holotype  of  “R.”  corallhieiisig  by  Grabau.  is  more  transverse  than  the 
individuals  here  illustrated,  has  a narrower  and  ])erhaps  deepei- 
sinus,  and  is  supposedlj'  devoid  of  plications.”  rriviixig.  on  the 

other  hand,  is  p)lieate.  and  has  a relatively  extemled  ventral  beak. 
Although  the  specimens  on  the  Cobleskill  slab  have  been  regarded 
as  “b’.’’  corallhieiisis  by  members  of  the  Xew  A’ork  State  .Museum,  it 
may  prove  desirable  to  consider  them,  and  the  ])licate  Keyser  ma- 
terial, to  be  "S'.’’  niodcstiix  var.  erienxix. 

•!a-f.  "Sijirifcr"  modestux  (4a)  and  var.  plicatiix  (4b-f).  A’iews,  x 1,  of 
ventral  and  dorsal  asp'cts  of  shell  from  lower  Keyser,  Ale.xico,  Pa.: 
of  a more  and  a less  transverse  ventral  valve  from  lower  Keyser. 
1 mile  north  of  Selinsg-rove  Junction,  Pa.:  and  side  and  ventral  as- 
pects of  shells,  from  lower  Keyser,  Sti-ait  Creek,  near  Alonterey, 
A'irginia. 
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la-g.  Rhipidoniella  ohlata  (Hall),  la-cl,  interiors  ventral  and  dorsal 
valves  of  completely  silicified  shell  ami  dorsal  and  side  views  of 
same,  articulated ; lower  5 feet  New  Scotland  cherty  limestone, 
old  quarries,  Stillwell  Ridge,  3%  miles  south  of  Needmore,  Fulton 
County,  le,  interior  of  silicified  ventral  valve;  loose.  New  Scotland 
cherty  limestone,  Stillwell  E'idge,  3 miles  south  of  Needmore,  Ful- 
ton County.  If,  incomplete  internal  mold,  ventral  valve ; upper 
part  Falling  Springs  sandstone.  Falling  Springs,  Perry  County.  Ig, 
internal  mold,^  ventral  valve  with  relatively  weak  muscle  scars ; 
New  Scotland  limestone,  Mount  Rock,  Mifflin  County. 

2.  Rhipidomella  muscitlosa  Hall.  Internal  mold,  ventral  valve;  1 foot 
below  top  Port  Ewen  shale,  R.  R.  cut,  north  side  Brodhead  Creek 
east  of  Minisink  Mills,  Monroe  County. 

3a,  b.  Isorthis  perclagans  (Hall).  Internal  mold,  ventral  valve;  1 foot 

below  tox5  Port  Ewen  shale,  E.  R.  cut,  north  side  Brodhead  Creek, 

east  of  Minisink  Mills,  Monroe  County. 

4a-f.  Isorihis  (?)  eminens  (Hall).  4a-d,  dorsal,  ventral,  side  and  x>os- 

terior  views,  silicified  shell  showing  erect  ventral  beak,  high  card- 

inal area,  median  sulcus  of  posterior  j)art  dorsal  valve.  Hinge 
is  narrower,  and  this  si^ecimen  might  well  be  referred  to  Orthis 
peduncularis  Hall.  Basal  part  cherty  New  Scotland  limestone,  (4 
mile  southeast  Warfordsburg,  Fulton  County.  4e  and  f,  incomplete 
ventral  valve  and  incomfdete  mold  of  ventral  valve;  1 foot  above 
to^:)  Coejmians  sandstone,  souht  side  Licking  Creek  near  Warren 
Point,  Franklin  County. 

5u-d.  Levenea  suicarinata  (Hall).  5a,  b,  incomplete  dorsal  and  ventral 
valves ; basal  Becraft  limestone,  road  over  “hogback”  near  Decker 
Ferry,  Monroe  County,  oc,  internal  mold  ventral  valve ; 2 feet 
above  base  Mandata  shale,  Neelyton,  Huntingdon  County.  5d,  in- 
comx)lete  internal  mold  ventral  valve,  somewhat  squeezed,  so  that 
muscle  scar  appears  relatively  long  and  narrow ; 31  feet  below  top 
Mandata  shale,  (4  mile  south  of  Dalmatia,  Northumberland  County. 

6a,  c.  Plat northis  pJanoconvc.ra  (Hall).  6a,  b,  internal  molds  of  two 
dorsal  valves ; 60-90  feet  below  top  Port  Ewen  shale,  R.  E.  cut  north 
side  Brodhead  Creek,  east  of  Minisink  Mills,  Monroe  County.  6c, 
internal  mold,  ventral  valve;  31  feet  below  top  Mandata  shale  and 
chert;  (4  mile  south  of  Dalmatia,  Northumberland  County. 

7a,  b.  Stropheodonta  varistriata  (Conrad).  Two  ventral  valves;  Coey- 
mans  limestone ; 1 mile  south  of  Curtin,  Centre  County. 

8.  Rhipidomella  ohlata,  Strophonella  undapUcata,  Mcristella  arcuata. 
Under  surface  of  chert  slab  bearing  silicified  valves,  concave  side 
down;  3 feet  below  base  of  New  Scotland  limestone;  Stillwell  Ridge, 
3 miles  south  of  Needmore,  Fulton  County. 
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PLATE  4 
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(All  figures  x 1) 

la,b.  LciJtncna  vcntricosa  (Hall).  Ventral  and  side  views,  ventral  valves, 
upper  part  Licking  Creek  limestone ; along  R.  R.  1 mile  northeast 
of  Clifton  Forge,  Va.,  and  105  to  110  feet  above  top  New  Scotland 
cherty  limestone;  % mile  east  of  iMonterey,  Va. 

2a,  b.  Leptostrophia  magiHveiitroides  S>vartz  n.  sp.  Ventral  and  side 
views,  holotype,  a large  ventral  valve,  shell  partly  broken  away. 
Species  differs  from  L.  nia</niventra  (Hall)  as  follows:  Ventral  area 
somewhat  lower,  so  that  angle  across  beak  measures  166°  in  type, 
compared  with  137°,  153°,  161°  and  147°  in  specimens  figured  by 
Hall.  Ventral  muscle  scars  smaller,  less  strongly  imijressed  ; radial 
striae  not  obsolete  on  dorsal  valve,  but  about  as  strong  as  those 
on  ventral  valve.  On  holotype,  there  are  about  11  low,  rounded 
striae  in  5 mm.,  separated  by  wide,  flat  interspaces.  Concavity  of 
associated  dorsal  valves  about  5 to  12  mm.  Licking  Creek  limestone, 
105  to  110  feet  above  top  cherty  New  Scotland  limestone;  VL>  mile 
east  of  Monterey,  Va. 

3a-c.  Leptostroph  ia  orisknriia  Clarke.  Distorted,  internal  molds  of  2 ven- 
tral valves;  60  to  90  feet  below  top  Port  Ewen  shale,  R.  R.  cut  north 
side  Brodhead  Creek,  east  of  Minisink  Mills,  Monroe  County.  3c, 
internal  mold  ventral  valve,  Mandata  (c)  shale  and  chert;  north 
bank  Potomac  River  in  cut  on  W.  M.  R.  R.,  Tonoloway  Ridge,  ;Md. 

4a,  b.  Leptostrophia  heckii  (Hall).  Internal  molds  ventral  valves.  Re- 
spectively from  5 feet  above  base  IMandata  shale,  Penna.  R.  R.  south 
of  Mexico,  Juniata  County,  and  2 feet  above  base  Mandata  (?) 
shale  and  chert,  north  bank  Potomac  River,  cut  on  W.  M.  R.  R., 
Tonoloway  Ridge,  Md. 

5.  Leptostrophia  hlaurviltei  Billings.  Ventral  valve  with  part  of  shell 
broken  away  showing  muscle  scars.  Note  posterior  curvature  of 
striae  near  hinge;  upper  part  Licking  Creek  limestone  north  side 
Licking  Creek,  east  of  Warren  Point,  Franklin  County. 

6a,  b.  Strophonelln  leareiiworthana  (Hall).  6a,  exfoliated  exterior  dor- 
sal valve,  2 feet  above  base  New  Scotland  limestone,  Penna.  R.  R. 
south  of  Mexico,  Juniata  County.  6b,  external  mold  ventral  valve, 
retaining  part  of  shell;  Coeymans  limestone,  D.  Helman  quarry, 
Va  mile  east  of  New  Paris,  Bedford  County. 

I a-c.  St ropheon etla  iDidaplicota  C.  K.  Swartz.  Two  silicified  and  in  part 
exfoliated  ventral  valves,  with  posterior  view  of  first.  Costellae 
coarse  near  umbo  and  become  finer  toward  margin,  as  in  type,  but 
are  less  sinuous,  and  do  not  seem  to  reunite.  From  lower  5 feet 
of  New  Scotland  limestone,  old  quarries  on  Stillwell  Ridge,  21/3 
miles  south  of  Needmore,  Fulton  County. 
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la-e.  fichucherteUa  u-ooUvorthaua  (Hall),  la,  exterior  ventral  valve;  5 
feet  above  base  New  Scotland  limestone,  mile  east  of  Hollidays- 
burg-,  Blair  County,  lb,  internal  mold  large  ventral  valve ; near 
top  Falling  Springs  sandstone.  Falling  Springs,  Perry  County.  Ic, 
dorsal  valve  of  variety  not  flattened  toward  umbo  as  in  typical 
material ; Coeymans  limestone.  Hoover  Quarry,  Bedford  Quad- 
rangle, Bedford  County.  Id,  c,  interior  of  ventral  valve  and  exterior 
of  dorsal  of  smaller  variety;  very  fossiliferous  New  Scotland  shale 
near  Decker  Ferry,  Monroe  'County. 

2a-f.  Gypidula  coeymanensis  Schuchert.  2a-c,  dorsal  and  side  views  of 
two  shells  and  interior  of  weathered,  unbonal  part  of  a ventral 
valve ; Coeymans  limestone,  R.  R.  cut  on  north  side  Brodhead  Creek, 
east  of  Minisink  Mills,  Monroe  County.  2d,  e,  exterior  of  ventral 
valve  and  side  view  of  weathered  interior  of  shell  embedded  in  lime- 
stone, preserving  spondylium  and  other  internal  structures ; 0 to  3 
feet  above  base  Coeymans  limestone,  1 mile  south  of  Curtin,  Centre 
County.  2f,  interior  of  weathered  unbonal  part  of  ventral  valve ; 
loose  from  Coeymans  beds,  Clarks  Mill,  Perry  County. 

3a,  b.  Chonetes  pustulocristata  Swartz,  n.  sp.  3a,  holotype,  incomplete 
internal  mold  or  ventral  valve  retaining  some  of  shell.  Specimen 
shows  impression  of  pustulose  internal  ridges,  close  to  and  nearly 
parallel  with  hinge.  On  this  and  associated  specimens,  there  are 
4 to  6 rather  small,  cardinal  spines;  about  6 to  7 radial  striae  in 
2 mm,  and  14  to  15  concentric  striae  in  1 mm.  Externally,  species 
suggests  Chonetes  hudsonicus  Clarke.  Licking  Creek  limestone, 
130  feet  above  top  New  Scotland  limestone,  % mile  east  of  Monterey, 
Va.  3b,  internal  mold  ventral  valve,  showing  impression  of  pustu- 
lose ridges;  loose  from  Mandata  (?)  shale  and  chert,  top  of  Tonolo- 
way  Ridge,  just  south  of  Tonoloway  Creek,  3 miles  west  of  Han- 
cock, Md. 

3c.  cf.  Chonetes  aroostookensis  Clarke.  Exterior  of  incomplete  ventral 
valve.  Specimen  preserves  bases  of  5 cardinal  spines ; 1 foot  below 
top  Port  Ewen  shale,  N.  Y.  S.  and  W.  R.  R.  cut,  north  side  Brodhead 
Creek,  east  of  Minisink  Mills,  Monroe  County. 

4.  Eatonia  medialis  (Vanuxem).  Internal  mold  ventral  valve;  Palling 
Springs  sandstone  on  slabs  with  Eospirifer  macropleurus ; Clarks 
Mill,  Perry  County. 

5a,  b.  Renssclacria  snhglohosa  Weller.  5a,  ventral  view;  top  of  exposed 
Eynphoria  ( Dalnianites)  dentatus  zone,  back  of  Dalton  Nearpass 
farm,  1%  miles  south  of  Port  Jervis,  N.  Y.  5b,  incomplete  dorsal 
valve;  Licking  Creek  limestone,  65  feet  above  top  New  Scotland 
limestone,  south  side  Licking  Creek,  east  of  Warren  Point,  Franklin 
County. 

6.  Trematospira  multistriata  Hall.  Squeeze  from  mold  of  ventral 
valve ; 45  feet  above  base  Mandata  shale  and  chert,  mile  south 
of  Mandata,  Northumberland  County. 

7a-e.  Meristella  arcuata  (Hall).  7a,  exterior  ventral  valve  suggestive  of 
material  separated  as  M.  suhquadrata  by  Hall.  7b,  c,  interiors, 
silicifled  umbonal  parts,  ventral  valves.  7d,  e,  interiors,  silicifled 
umbonal  parts  dorsal  valves,  the  second  x 3.  7a,  c,  loose  from  New 

Scotland  limestone,  quarries  on  Stillwell  Ridge,  2%  miles  south  of 
Needmore,  Fulton  County.  7b,  d,  e,  lower  5 feet  New  Scotland 
limestone,  same  locality. 

8.  cf.  Meristella  lata  (Hall).  Ventral  valve  small  specimen  close  to 
Oriskany  species ; 5 to  10  feet  below  top  Licking  Creek  limestone, 
south  side  Licking  Creek,  east  of  Warren  Point,  Franklin  County. 
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la-g.  Eospirifer  macropleurus  (Conrad),  la,  ventral  valve;  New  Scot- 
land limestone,  1/2  mile  east  of  HollidaysLurg,  Blair  County,  lb, 
detail  of  part  of  surface  ventral  valve,  x 3 ; New  Scotland  limestone, 
Stillwell  Ridge,  21/2  miles  south  of  Needmore,  Fulton  County.  Ic-e, 
posterior  and  two  interior  views,  the  last  tilted,  incomplete,  silicified 
ventral  valve;  lower  5 feet  New  Scotland  limestone,  same  locality 
as  lb.  If,  g,  interior  views  incomplete,  silicified  dorsal  and  ventral 
valves,  showing  characteristic  features;  loose  from  New  Scotland 
limestone,  1/2  mile  east  of  Monterey,  Va. 

2a-d.  “Spirifer'”  perlamellosus  Hall.  2a,  exterior  silicified  ventral  valve, 
showing  strong  concentric  lamellae;  loose  from  New  Scotland  lime- 
stone, 1/2  mile  east  of  Monterey,  Va.  2b,  c,  ventral  and  side  views 
ventral  valve  with  concentric  lamellae  less  well  preserved ; 2 feet 
above  base  New  Scotland  limestone,  Penna.  R.  R.  south  of  Mexico, 
Juniata  County.  2d,  interior  of  silicified  ventral  valve  showing 
strong  median  septum;  Hillegas  quarry,  2V2  miles  east  of  New 
Paris,  Bedford  County. 

3a-g.  '‘Spirifer”  cyclopterus  Hall.  3a,  b,  ventral  and  side  views  ventral, 
valve  from  very  fossiliferous  New  Scotland  shale  at  “5  loaves 
of  bread,”  along  Wallpack  Bend,  Delaware  River,  Monroe  County. 
3c,  ventral  valve  showing  fine  concentric  striae  ; base  of  New  Scot- 
land limestone,  ridge  % mile  east  of  Warfordsburg,  Fulton  County. 
3d,  interior  view,  silicified  ventral  valve  ; loose  from  New  Scotland 
limestone  V2  mile  east  of  Monterey,  Va.  3e,  f,  internal  molds  ven- 
tral valves ; 62  and  32  feet  above  base  Mandata  shale  and  chert, 
1/4  mile  south  of  Mandata,  Northumberland  County.  3g,  larger 
ventral  valve.  Licking  Creek  limestone,  east  of  Warren  Point,  Frank- 
lin County. 

4.  “Spirifer”  sp.  This  is  a large  and  more  convex  variety  of  “S.” 
cyclopterus,  approaching  Oriskany  S.  murchisoni  (Castlenau)  and 
especially  S.  perdewi  Schuchert ; Licking  Creek  limestone,  60  to  65 
feet  above  top  New  Scotland  limestone,  south  side  Licking  Creek, 
east  of  Warren  Point,  Franklin  County. 

5a-f.  “Spirifer”  concinnus  Hall.  5a,  ventral  valve ; 10  feet  below  top 
Beer  aft  limestone,  West  Shore  E.  R.  about  2,000  feet  south  of  bridge 
over  Rondout  Creek,  Kingston,  N.  Y.  5b,  c,  ventral  and  tilted  pos- 
terior views  of  ventral  valve,  approaching  “S.”  aroostookensis ; 2 to 
4 feet  above  base  Mandata  (?)  shale,  south  side  Licking  Creek,  east 
of  Warren  Point,  Franklin  County.  5d,  ventral  valve ; 1 foot  below 
top  Port  Ewen  shale,  N.  Y.  S.  and  W.  E.  R.  cut,  north  side  Brodhead 
Creek,  east  of  Minisink  Mills,  Monroe  County.  5e,  f,  transverse 
ventral  valves,  representing  a variety  of  this  species;  Synphoria 
(Dalnianites)  dentatus  zone,  old  Coos,  now  Douglas  farm,  Peters 
Valley,  N.  J.,  and  back  of  Dalton  Nearpass  farm,  11/3  miles  south 
of  Port  Jervis,  N.  Y. 

6a-f.  “Spirifer”  aroostookensis  Clarke.  6a-d,  ventral  and  dorsal  valves, 
with  enlargements  x IVs  of  part  of  surface  of  each.  This  is  essen- 
tially a variety  of  “S.”  concinnus,  somewhat  more  transverse  and 
with  a few  more  plications,  further  distinguished  by  the  grooving 
of  the  ribs.  6e,  ventral  valve,  somewhat  distorted.  5 to  10  feet 
below  top  Licking  Creek  limestone,  south  side  Licking  Creek,  east 
of  Warren  Point,  Franklin  County.  6f,  incomplete,  ventral  valve ; 
1 foot  below  top  Port  Ewen  shale,  N.  Y.  S.  and  W.  E.  R.  cut,  north 
side  Brodhead  Creek,  east  of  Minisink  Mills,  Monroe  County. 
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la-c.  rhacops  logani  Hall.  Dorsal  side  and  anterior  views  nearly  com- 
plete cephalon ; New  Scotland  limestone,  5 feet  above  base  of  Coej'- 
mans  limestone,  1 mile  south  of  Curtin,  Centre  County. 

2a,  b.  Hgn phoria  sp.  Dorsal  and  side  views  of  fairly  complete  cephalon. 
This  species  is  sugg’estive  of  Dalnianitei  griff oni  Clarke  of 
the  St.  Albans  beds  of  the  Gaspe  region.  The  snout  is  shorter, 
and  there  are  various  differences  in  proportions.  Unfortunately, 
finer  details  of  ornamentation  not  described  by  Clarke.  From  Coey- 
mans  limestone.  Hoover  quarry,  rectangle  coordinate  58553  or  Bed- 
ford quadrangle,  Bedford  County. 

3.  8gnphoria  (?)  micrurus  (Green).  Pygidium  and  most  of  thorax; 
Coeymans  limestone,  quarry  near  New  Paris,  Bedford  County. 

4a-f.  ^gnphoria  dentatus  Barrett.  4a,  b,  dorsal  and  side  views  of 
nearly  complete  cephalon.  4c-e,  three  pygidia  with  parts  of  first 
enlarged  x 2 for  comparison  with  5g;  Sgiiphoria  (Dalmanites) 
dentatus  zone,  Wallpack  Ridge,  back  of  present  Dalton  Nearpass 
farm,  and  about  mile  north  of  old  William  Nearpass  quarries, 
N.  J. 

5a-g.  Synphoria  dentatus  (Barrett).  Fragmentary  material  on  which  is 
based  identification  of  this  species  in  Licking  Creek  limestone  near 
Monterey,  Va.  5a,  part  of  cranidium  showing  characteristic  postu- 
lation of  surface.  5b,  c,  two  views  of  fragment  of  doublure,  jme- 
serving  marginal  spines.  5d-g,  fragmentary  pygidia,  5g  being  an 
enlargement  x 2 of  5f,  for  comparison  with  4d.  From  Licking  Creek 
limestone,  105  to  110  feet  above  top  cberty  New  Scotland  limestone, 
14  mile  east  of  ^Monterey,  Va.  It  is  hoped  that  further  collecting 
in  the  IMonterey  region  will  bring  to  light  more  perfect  specimens 
of  this  inter  'sting  trilobete. 
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PLATE  8 
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la-c.  ParaschiiiidteUa  dorsoiJiniotafa  Swartz.  Squeeze  from  external 
mold,  and  posterior  and  side  views  natural  internal  mold  of  holo- 
type,  representing’  a left  valve,  x 30  ; Metaplasia  plicata  zone,  Shriver 
chert,  1 mile  south  of  Curtin,  Centre  County. 

2a,  b.  Aeclunina  bigeneris  Swartz.  Side  and  ventral  views  of  squeezes 
from  holotype,  an  external  mold  of  left  valve,  x 30;  M.  plicata  zone, 
Shriver  chert,  1 mile  south  of  Curtin,  Centre  Count}’. 

3.  Aeclunina  spinotenninata  Swartz.  Side  view  of  squeeze  from  liolo- 
type,  an  external  mold  of  right  valve,  x 30  ; Sliriver  chert,  east  side 
Pine  Creek,  near  Jersey  Shore,  Lycoming  County. 

4a-d.  Pgxipriniitia  ventripunctata-  Swartz.  4a,  squeeze  from  holotype,  an 
external  mold  of  right  valve,  x 30.  4b-d,  squeezes  from  molds  of  left, 
right  and  left  valves;  M.  plicata  zone,  Shriver  chert,  1 mile  south  of 
Curtin,  Centre  County. 

5a-c.  Pgxipriniitia  veiitriclefta  Swartz.  Views  of  squeezes  from  two  of 
syntypes,  x 30.  5a,  b,  side  and  ventral  views  of  squeeze  from  ex- 

ternal mold,  left  valve.  5e,  side  view  of  squeeze  from  mold  of  right 
valve.  From  90  to  110  feet  above  base  of  Shriver  chert.  Vs  mile  east 
of  Hollidaysburg,  Blair  County. 

6a-e.  Ulrichia  pluripunctata  Swartz.  6a-c,  squeezes  from  two  of  syntypes, 
natural,  external  molds  of  left  and  right  valves  with  ventral  view 
of  second  squeeze,  x 30;  trilobite  bed  of  upper  part  Shriver  chert, 
1 mile  south  of  Curtin,  Centre  County.  6d,  e,  squeezes  from  natural 
molds  of  two  right  valves;  90  to  110  feet  above  base  of  Shriver 
chert,  i/o  mile  east  of  Hollidaysburg,  Blair  County. 

7a,  b.  Ulrichia  term  inata  Swartz.  Side  and  ventral  views  of  squeeze 
from  holotype,  an  external  mold,  left  valve.  This  may  prove  to  be 
a dimorph  of  associated  U.  pluripunctata ; 90  to  110  feet  above 
base  of  Shriver  chert,  Vz  mile  east  of  Hollidaysburg,  Blair  County. 

8a-e.  Ulrichia  affinis  Bassler  and  Kellett.  Side  views  of  squeezes  from 
molds  of  three  left  valves  and  one  right  with  dorsal  view  of  the  first 
squeeze,  x 30;  M.  plicata  zone  of  Shriver  chert,  1 mile  south  of 
Curtin,  Centre  County. 

9a-d.  Bollia  cristata  Swartz.  9a,  b,  side  and  dorsal  views  of  squeeze  from 
holotype,  a mold  of  right  valve,  x 22 ; Shriver  chert  near  Jersey 
Shore,  Lycoming  County.  9c,  d,  squeezes  from  molds  of  two  right 
valves,  X 22;  M.  plicata  zone,  Shriver  chert,  1 mile  south  of  Curtin, 
Centre  County. 

lOa-c.  Bollia  sagittaforniis  Swartz.  10a,  squeeze  from  one  of  syntypes.  a 
mold  of  left  valve,  x 15  ; M.  plicata  zone  of  Shriver  chert,  1 mile 
south  of  Curtin,  Centre  County.  10b,  c,  squeezes  from  molds  of 
right  valves,  the  latter  distorted,  x 15.  lOd,  squeeze  from  mold  of 
left  valve  of  elongate  variety,  x 13;  M.  plicata  zone,  Shriver  chert, 
Mount  Rock,  Mifflin  County. 

lla-c.  Bollia  burgeneri  Swartz.  11a,  squeeze  from  one  of  syntypes,  a mold 
of  left  valve,  x 15  ; 70  feet  above  base  of  Shriver  chert,  iMount  Rock, 
Mifflin  County.  11b,  c,  squeezes  from  molds  of  two  left  valves; 
Shriver  chert  near  Altoona,  Blair  County,  and  M.  plicala  zone  at 
Mount  Rock,  Mifflin  County. 
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la-d.  Bollia  zygocornis  Swartz,  la-c,  side  and  dorsal  views  of  squeezes 
from  holotype,  mold  of  right  valve,  x 15,  and  detail  of  surface  of 
anterior  knob  of  inner  ridge  of  same,  x 40 ; Shriver  chert,  near 
Jersey  Shore,  Lycoming  County.  Id,  natural,  internal  mold  of  left 
valve,  X 15;  trilohite  bed,  near  top  Shriver  chert,  IMount  Rock, 
Mifflin  County. 

2a,  h.  Paraholhiiia  Ihnhata  Swartz,  ‘’a,  squ°:ze  from  holotype,  mold  of 
right  valve,  x 30.  2b,  squeeze  from  mold  of  left  valve  of  the  frill- 

less dimorph,  lu'esumably  male,  x 30  ; 90  to  110  feet  above  base  cf 
Shriver  chert,  mile  east  of  Hollidaysburg,  Blair  County. 

3a,  b.  Kirkyella  ventricosa  (Swartz).  3a,  squeeze  from  holotype,  mold  of 
left  valve,  x 30.  3h,  natural,  internal  mold  of  left  valve,  x 30  ; M. 

plicata  zone  of  Shriver  chert,  1 mile  south  of  Curtin,  Centre  County. 

4a-e.  Thlipsura  conftuens  Swartz.  4a,  b,  d,  squeezes  from  molds  of  two 
right  valves  with  posterior  view  of  second,  x 15.  The  second  pre- 
serves part  of  edge  of  opposite  valve ; also  the  ridge  bounding  ter- 
minal, depressed  area  is  continued  dorsally,  separating  terminal 
depression  from  the  Q- shaped  furrow.  4c,  e,  posterior  view  of  left 
valve,  and  dorsal  view  of  carapace,  x 15,  orientiation  here  used 
for  these  thlixosurids  is  based  on  supposition  that  greatest  thick- 
ness is  behind  middle  of  carapace.  4a,  e,  from  67  feet  above  base 
Shriver  chert.  Mount  Rock,  Mifflin  County,  others  from  90  to  110 
feet  above  base  Shriver  chert,  i/g  mile  east  of  Hollidaysburg,  Blair 
County. 

5a-c.  Thlipsura  tricornis  Swartz.  Squeezes  from  molds  of  two  left  valves, 
and  posterior  view  of  squeeze  from  imperfect  mold  of  a carapace, 
X 15.  5a,  from  Shriver  chert,  near  Altoona,  Blair  County;  5b,  c, 

from  90  to  110  feet  above  base  of  Shriver  chert,  V2  mile  east  of 
Hollidaysburg,  Blair  County. 

6a,  b.  Thlipsura  rohusta  (Ulrich  and  Bassler).  Side  and  posterior  views 
of  squeezes  from  molds  of  two  right  valves,  x 15;  M.  plicata  zone, 
Shriver  chert,  1 mile  south  of  Curtin,  Centre  County,  and  67  feet 
above  base  Shriver  chert.  Mount  Rock,  Mifflin  County. 

7a,  b.  Thlipsurella  ohlonga  (Ulrich  and  Bassler).  Side  and  dorsal  views 
01  squeezes  from  mold  of  left  valve,  x 29  ; 90  to  110  feet  above  base 
of  Shriver  chert,  ’ mile  east  of  Hollidaj'sburg,  Blair  County. 

8a,  b.  Thlipsurella  orthoclef  ta  Swartz.  Side  and  ventral  views  of 
squeezes  from  holotype,  mold  of  right  valve,  x 29 ; Shriver  chert 
near  Altoona,  Blair  County. 

9.  Thlipsurella  crateriformis  Swartz.  Squeeze  from  holotype,  mold  of 
right  valve,  x 29;  31.  plicata  zone,  Shriver  chert,  1 mile  south  of 
Curtin,  Centre  County. 

lOa-d.  Thlipsurella  secoclefta  Swartz.  10a,  b,  side  and  dorasl  views  of 
squeeze  from  holotype,  mold  of  right  valve,  x 29;  105-110  feet  above 
base  Shriver  chert.  Mount  Rock,  Mifflin  County.  10c,  d,  squeezes 
from  molds  of  two  left  valves  from  a variety  with  two  anterior 
pits,  X 29  ; Shriver  chert. 

11.  Thlipsurella  ellipsoclefta  Swartz.  Squeeze  from  holotype,  mold  of 
left  valve,  x 29;  M.  plicata  zone,  Shriver  chert,  1 mile  south  of  Cur- 
tin, Centre  County. 

12.  Octonaria  dorsosulcata  Swartz.  Sqiieeze  from  holotype,  mold  of 
left  valve,  retaining  part  of  edge  of  opposite  valve,  x 29;  90  to  110 
feet  above  base  of  Shriver  chert,  1/2  mile  east  of  Hollidaysburg, 
Blair  County. 
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13a,  b.  Octouaria  deltisulcata  Swartz.  13a,  squeeze  from  holotype,  mold 
of  right  valve,  x 29.  13b,  dorsal  view  of'squeeze  from  mold  of  part 

of  a carapace,  posterior  end  above,  x 29;  90  to  110  feet  above  base 
of  Shriver  chert,  i/o  mile  east  of  Hollidaysburg,  Blair  County. 

14.  Parahcaldia  centralis  Swartz.  Side  view  of  holotype,  internal  mold 
of  left  valve,  x 45  ; 31.  plicata  zone,  Shriver  chert,  1 mile  south  of 
Curtin,  Centre  County. 

ISa-f.  Acantlioscaplia  pentagonalis  Swartz.  15b,  c,  side  view  of  squeeze 
Ironi  external  mold,  and  side  view  of  internal  mold  of  holotype, 
the  molds  of  a right  valve,  x 15.  The  latter  shows  imf)ression  of 
muscle  scar;  31.  plicata  zone,  Shriver  chert,  1 mile  south  of  Curtin, 
Centre  County.  15a,  squeeze  from  mold  of  left  valve,  x 15  ; 59  feet 
above  base  of  Shriver,  Mount  Eock,  Mifflin  County.  15d,  e,  dorsal 
and  anterior  views  of  squeeze  from  mold  of  carapace,  x 15,  same 
horizon  and  locality.  15f,  squeeze  from  imi^ression  of  ventral  sur- 
face of  carapace,  x 15 ; 31.  plicata  zone  south  of  Curtin,  Centre 
Count}’. 

16a,  b.  Tahalihairdia  tnhulifcra  Swartz.  Squeeze  from  external  mold  of 
left  valve,  and  internal  mold  of  left  valve,  x 15;  31.  jdicata  zone, 
Shriver  chert,  1 mile  south  of  Curtin,  Centre  County. 
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PLATE  10 

Oriskany 

COELENTERATA,  ECHINODERMATA  AND  BRACIIIOPODA 
COELENTERATA 

1.  Zui)hreutis  sp.  ind.  lateral  aspect  x Ridgeley,  Union  County. 

2.  Z.  roeiiieri  M.  Edwards  and  Haime,  lateral  aspect  x 1,  Ridgeley,  Perry 
County. 

3.  Facosites  shrivcri  (Herzer),  base  x 1,  Ridgeley,  Perrj"  County. 

4.  F.  coiiicus  Hall,  superior  view  x Ridgeley,  Bedford  County. 

5.  F.  coiiicits  Hall,  lateral  view  x %,  Ridgeley,  Bedford  Count}’. 

ECHINODERMATA 

6.  Edriocriinis  isacciilus  Hall,  lateral  view  of  calyx  x Ridgeley,  Bedford 
County. 

7.  E.  succiihts  Hall,  superior  view  of  cal}’x  x y^,  Ridgeley,  Bedford  County. 

8.  E.  pociUifonii  is  Hall,  superior  view  of  cal}’x  x 2,  Ridgeley,  Bedford 
County. 

9.  E.  pociUiforiii  is  Hall,  lateral  view  of  calyx  x 2,  Ridgelej’,  Bedford 
County. 

BRACHIOPODA 

10.  OrhicitJoidca  jcrvciisis  Barrett,  dorsal  valve  x sy,  Shriver,  Blair  County. 

11.  0.  cf.  jerrciisis  Barrett,  dorsal  valve  x 1,  Shriver,  Mifflin  County. 

12.  1‘holidops  m lilt ihuiiellosu  Sehucliert,  dorsal  valve  x 3,  Shriver,  Hunting- 
don County. 

13.  F.  multihuncllosu  Schuchert,  ventral  valve  x 3,  Shriver,  Huntingdon 
County. 

14.  Flatporthis  plcnioconrc.ra  (Hall),  ventral  valve  x 1,  Ridgeley,  Bedford 
County. 

15.  P.  planocoHVCxa  (Hall),  dorsal  valve,  interior  x 1,  Ridgeley,  Bedford 
County. 

16.  Anoplothecu  diclioionut  (Hall),  dorsal  valve,  exterior  x y,  Ridgeley, 
Snyder  County. 

17.  A.  dicliotoma  (Hall),  ventral  valve  x y^,  Ridgeley,  Snyder  Couty. 

18.  Rhipidomella  mitsciilosa  (Hall),  ventral  valve  x 1,  Shriver,  Centre 
County. 

19.  R.  musculosa  (Hall),  ventral  valve,  interior  x Shriver,  Centre 

County. 

20.  R.  musculosa  (Hall),  ventral  valve,  interior  x 1 y^,  Ridgeley,  Bedford 
County. 

21.  Stropheodoiita  arctim  uscula  Schuchert,  ventral  valve,  interior  x 2, 
Shriver,  Northumberland  County. 

22.  8.  arctim  uscula  Schuchert,  dorsal  valve,  exterior  x 2,  Shriver,  North- 
umberland County. 

23.  Leptaeua  rhomhoidalis  (Wilchens),  ventral  valve  x 1,  Shriver,  .Tuniat; 
County. 
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PLATE  11 

Oriskaiiy 

BEACHIOPODA  (Continued) 

1.  Atrypa  reticularis  (Linnaeus),  ventral  valve  x Ridgeley,  Perry 
County. 

2.  Rensselaeria  manjlandica  Hall,  dorsal  valve,  internal  cast  x 1%>  Ridge- 
ley,  Mifflin  County. 

3.  R.  ovoides  (Eaton),  dorsal  valve,  internal  cast  x 1)4)  Ridgeley,  Perry 
County. 

4.  Ehjtha.  suffordi  Hall,  ventral  valve  x 2/^,  Shriver,  Juniata  County. 

5.  “Spirifer”  arcnosus  (Conrad),  dorsal  valve  x Ridgeley,  Franklin 
County. 

6.  “S.”  arevosus  (Conrad),  ventral  valve,  interior  x 3^,  Ridgeley,  Bedford 
County. 

7.  “S.”  arcnosus  (Conrad),  dorsal  valve,  interior  x %,  Ridgeley,  Bedford 
County. 

8.  “iS.”  trill  uUs  Hall,  ventral  valve  x 2,  Ridgeley,  Perry  County. 

9.  “S.”  murchisoni  Castlenau,  ventral  valve  x 1,  Ridgeley,  Union  County. 

10.  “S.”  murchisoni  Castlenau,  dorsal  valve  x Va,  Ridgeley,  Union  County. 

11.  Trematospira  multistriata  (Hall),  dorsal  valve  x 1,  Shriver,  Juniata 
County. 

12.  Metaplasia  plicata  Weller,  ventral  valve  x IV2,  Shriver,  Juniata  County. 

13.  M.  plicata  Weller,  dorsal  valve  x IV2,  Shriver,  Juniata  County. 

14.  ('urtina  rostrata  (Hall),  ventral  valve  x 1,  Ridgeley,  Perry  County. 

15.  C.  rostrata  (Hall),  dorsal  valve  x 1,  Ridgeley,  Perry  County. 

16.  Anoplotheca  flahellites  (Conrad),  ventral  valve  x 1%)  Ridgeley,  Mon- 
tour County. 

17.  A.  flmhriata  (Hall),  ventral  valve  x 2,  Ridgeley,  Bedford  County. 

18.  A.  concava  (Hall),  ventral  valve  x 2,  Ridgeley,  Perry  County. 
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PLATE  12 

Oriskany 

BRACHIOPODA  (Continued) 

1.  Strophonella  punctuUfera  (Conrad),  dorsal  valve  x 1,  note  punctae, 
Shriver,  Snyder  County. 

2.  Stropheodonfa  mayniflca  (Hall),  ventral  valve,  interior  x Ridgeley, 
Bedford  County. 

3.  8.  heclcii  (Hall),  ventral  valve  x 2/3,  Ridgeley,  Perry  County. 

4.  Schuchertella  becraftensis  (Clarke),  ventral  valve  x 2,  Shriver,  Hunt- 
ingdon County. 

5.  S.  becraftensis  (Clarke),  dorsal  valve  x 2,  Shriver,  Huntingdon  County. 

6.  Chonetes  hudsoniciis  Clarke,  ventral  valve  x 1,  Shriver,  Blair  County. 

7.  C.  hudsonicus  Clarke,  ventral  valve  x 2,  Shriver,  Clinton  County. 

8.  Chonostrophia  complanata  (Hall),  ventral  valve  x l^i,  Ridgeley, 
Franklin  County. 

9.  Hipparionyx  proximus  Vanuxem,  dorsal  valve  x y^,  Ridgeley,  Lycoming 
County. 

10.  Plethorhyncha  speclosa  (Hall),  ventral  valve,  internal  cast  x 
Ridgeley,  Mifflin  County. 

11.  Straelenia  barrandil  (Hall),  ventral  valve,  internal  cast  x %,  Ridgeley, 
Juniata  County. 

12.  8.  pleiopleura  (Conrad),  ventral  valve  internal  cast  x 1,  Ridgeley,  Perry 
County. 

13.  Eatonia  medialis  (Vanuxem),  dorsal  valve  x y,  Ridgeley,  Perry 
County. 

14.  E.  medialis  (Vanuxem),  anterior  aspect  x %,  Ridgeley,  Perrj'  County. 

15.  E.  peculiaris  (Conrad),  dorsal  valve  x IVg,  Ridgeley,  Perry  Countj'. 

16.  E.  peculiaris  (Conrad),  dorsal  valve  x 114.  Ridgeley,  Bedford  County. 

17.  E.  peculiaris  (Conrad),  dorsal  valve,  interior  x IVs,  Ridgeley,  Bedford 

County. 

18.  E.  peculiaris  (Conrad),  ventral  valve,  interior  x IV2,  Ridgeley,  Bed- 
ford County. 

19.  Vncinulus  vellicatus  (Hall),  dorsal  valve  x 1,  Shriver,  Juniata  County. 

20.  V.  vellicatus  (Hall),  ventral  valve  x 1,  Shriver,  Juniata  County. 

21.  Rensselaeria  suessana  (Hall),  dorsal  valve  x y^,  Ridgeley,  Bedford 
County. 

22.  R.  suessana  (Hall),  "ventral  valve,  interior  x 1,  Ridgeley,  Bedford 
County. 

23.  R.  suessana  (Hall),  dorsal  valve,  interior  x y,  Ridgeley,  Bedford 
County. 

24.  R.  (Beachia)  ovalis  (Hall),  dorsal  valve,  interior  cast  x y,  Ridgeley, 
Bedford  County. 

25.  “Megalanteris”  ovalis  Hall,  dorsal  valve  x IV2,  Ridgeley,  Perry  County. 
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PLATE  13 

Oriskany 

PH  vciiioi'ODA,  pj-:lecyi’oda  and  gastropoda 

BRACHIOPODA  (Coiitimiecl ) 

1.  Auoplotheca  coiicara  (Hall),  ventral  valve,  interior  x 2,  Eidgeley, 
I’erry  County.. 

2.  MeristcIIu  sp.  iiul.  (cf.  “f/iganicu"),  dorsal  valve  x 1,  E'idgelej',  Frank- 
lin Countj’. 

3.  M.  sp.  ind.,  (cf.  ‘'gigaittea"),  dorsal  valve  x 1,  Ridgeley,  Franklin 
County. 

4.  M.  Jentifonnia  Clarke,  dorsal  valve  x IV3,  Sliriver,  .Juniata  Co\inty. 

5.  M.  lata  (Hall),  dorsal  valve  x 1,  Ridgeley,  Bedford  County. 

6.  .1/.  lata  (Hall),  ventral  valve  x 1,  Ridgeley,  Bedford  County. 

PELECYPODA 

7.  Actinopteria  textilis  var.  arcnaria  (Hall),  left  valve  x Vs,  Ridgeley, 
Perry  County. 

8.  A.  textilis  (Hall),  left  valve  fragment  x 1,  Shriver,  Blair  County. 

GASTROPODA 

9.  TcutacuViles  reedsi  Yokes,  x 1,  Shriver,  Blair  County. 

10.  Coil  ularia  pi/ramidaUs  Hall,  x 1,  Shriver,  Huntingdon  County. 

11.  C.  pj/rainidalis  Hall,  x 1,  Shriver,  Huntingdon  County. 

12.  Orthuii  i/ch  ia  tort  uosinn  (Hall),  x 1,  Ridgeley,  Lycoming  County. 

13.  Flat i/ccras  iiodosinii  Conrad,  x 2.^,  Ridgeley,  Juniata  County. 

F.  neirljerrpi.  Hall,  x %,  Shriver,  Snyder  County. 
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PLATE  14 

Oriskatiy 

GASTROPODA  AND  TRILOBITE 
GASTROPODA 

1.  Diaphorostonia  rcntriro.siuit  (Conrad),  x 1,  Ridgeley  formation, 
Perr3'  Countj-. 

2.  Plat i/ceras  yehhardi  Conrad,  x Vi,  Ridgelej'  formation,  Bedford 
County. 


TRILOBITE 

3.  Hoinaloiiotus  sp.  ind.,  x 1,  Ridgeley  formaticjn.  Perry  County. 
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PLATE  15 

Middle  and  Upper  Devonian 

PORIFERA,  COELENTEKATA,  “VERMES” 

PORIFERA 

1.  Recepfaculitcs  sp.  x 1,  Centerfield  coral  reef  north  of  Stroudsburg, 
Monroe  County. 

COELENTERATA 

2.  Lopholasma  tnlUnm  J.  S.  Williams,  x 1,  top  of  Tully  limestone,  Larrys 
Creek,  Lycoming  County.  (Photograph  hy  G.  A.  Cooper.) 

3.  L.  tiillium  J.  S.  Williams,  oblique  section  x 2,  top  of  Tully  limestone, 
Larrys  Creek,  Lycoming  County.  (Photograph  by  G.  A.  Cooper.) 

4.  Strcptcldsina  rectum  (Hall),  x 1,  Centerfield  coral  reef  north  of 
Stroudsburg,  Monroe  County. 

5.  /?.  rectum  (Hall),  x ly,,  Centerfield  coral  reef  north  of  Stroudsburg, 
Monroe  County. 

6.  Zaphrentis  proUflea  Billings,  x 1,  Selinsgrove  limestone.  Pine  Creek, 
Lycoming  County. 

7.  Z.  prollfica  Billings,  x 1,  Centerfield  coral  reef  north  of  Stroudsburg, 
Monroe  County. 

8.  Z.  simplex  Hall,  x 1,  Selinsgrove  limestone,  north  of  Beach  Haven, 
Luzerne  County. 

9.  Z.  simplex  Hall,  x %,  Mahantango  formation.  Beach  Haven,  Luzerne 

County. 

10.  Am  plexus  hamiltrjniac  Hall,  x 1,  Selinsgrove  limestone.  Pine  Creek, 
Lycoming  County. 

11.  A.  liamil.tonine  Hall,  x l)4i  Mahantango  formation,  McMichaels  Creek 
Valley  north  of  Naola,  Monroe  County. 

12.  Cpathopliulhim  cf.  conatum  Hall,  x 1,  Hazard  paint  ore,  Palmerton, 
Carbon  County.  (Photograph  by  L.  Whitcomb.) 

13.  Ceratopora  jacksoni  Grabau,  x 1,  Mahantango  formation,  Huntingdon, 
Huntingdon  County. 

14.  Pleurodictyum  stylopora  (Eaton),  x 1,  Mahantango  formation,  north 
of  Mausdale,  Montour  County. 

15.  P.  sp.  X 1,  Mahantango  formation,  north  of  Mausdale,  Montour 

County. 

16.  P.  sp.  X 2,  Mahantango  formation,  north  of  Mausdale,  Montour 

County. 

17.  Pavosites  hamilfoniae  Hall,  x 1,  Centerfield  coral  reef,  north  of  Stroiids- 
burg,  Monroe  County. 

18.  P.  Umitaris  Rominger,  x l^/g,  Hazard  paint  ore,  Palmerton,  Carbon 
County. 

19.  Cladopora  humilis  Clarke  and  Swartz,  x 2,  attached  to  Elytha  laevis, 
Losh  Run  shale,  3 miles  west  of  Chulasky,  Northumberland  County. 

“VERMES” 

20.  Annelid  trail  (?),  x y,.  Cat, skill  red  beds,  probablj’  Damascus,  Susque- 
hanna County. 

21.  Taonnrus  sp.  x %,  Mahantango  formation.  Board  Run,  Perry  County. 

22.  Pteridiehnites  hiseriatus  Clarke  and  Swartz,  x 1/2  Brallier  shale.  Cove 
Creek  Valley,  Fulton  County. 

23.  P.  hiseriatus  Clarke  and  Swartz,  x 1,  Brallier  shale.  Cove  Creek  Valley, 
Fulton  County. 

24.  P.  hiseriatus  Clarke  and  Swartz,  x 1,  Brallier  shale.  Shade  Valley, 
Huntingdon  County. 

25.  Pucoides  grapliica  Hall,  x Brallier  shale,  Loyalsock  Valley,  Ly- 
coming County. 
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PLATE  16 

Middle  and  Upper  Devonian 

BRACniOPODA 

1.  Linguella  paliformis  Hall,  ventral  valve  x 1,  IMaliantango  formation 
bluffs  north  of  IMatamoras,  Pike  County. 

2.  Lhif/iila  cinjahogn  Hall,  ventral  valve?  x 2,  Canadaway,  Mill  Creek, 
Tioga  County. 

3.  L.  Cuyahoga  Hall,  ventral  valve?  x 2,  Needmore  shale,  Aughwick  Creek 
Valley,  Fulton  County. 

4.  L.  delia?  Hall,  dorsal  valve?  x 2,  Marcellus  shale,  quarry  at  Strouds- 
burg, IMonroe  County. 

5.  L.  ligea  Hall,  dorsal  valve?  x 1,  Hazard  paint  ore,  Palmerton,  Carbon 
County.  (Photograph  by  L.  lYhitcomb. ) 

6.  L.  ligea  (?)  Hall,  dorsal  valve?  x 4,  Mahantango  formation,  Dimms- 
ville,  Juniata  County. 

7.  L.  oherni  Clarke  and  Swartz,  ventral  valve  x 2,  lower  Portage  shale, 
north  side  Little  Mountain,  Dauphin  County. 

8.  L.  spatulata  (?)  Vanuxem,  ventral  valve?  x 6,  Canadaway,  Mill  Creek, 
Tioga  County. 

9.  Orhiculoidea  neglecta  (Hall),  dorsal  valve  x 6,  lower  Portage  shale, 
Pennsylvania  E.  E.  north  of  Northumberland,  Northumberland  County. 

10.  0.  lodiensis  var.  media  Hall,  dorsal  valve  x 3,  Onondaga  black  shale, 
Schellsburg,  Bedford  Count}'. 

11.  0.  lodiensis  var.  media  Hall,  ventral  valve  x 2,  Onondaga  black  shale, 
Bedford  County. 

12.  0.  alleghania  (Hall),  dorsal  valve  x Franklindale  limestone,  2.5 
miles  east  of  Franklindale,  Bradford  County. 

13.  O.  mmuta  (Hall),  dorsal  valve  x 4,  Alarcellus  formation,  Pennsylvania 
R.  R.  east  of  Schuylkill  Haven,  Schuylkill  County. 

14.  Roemerella  grandis  (Vanuxem),  ventral  valve  x !Mahantango 

formation,  bluffs  north  of  Matamoras,  Pike  County. 

15.  Crauiella?  x 4,  attached  to  Palconeila  fecunda,  IMahantango  forma- 
tion, Eichelbergertown,  Bedford  County. 

16.  Craniellaf  x 4,  attached  to  fragment  of  Stroplieodonta  sp.  Hazard 
paint  ore,  Palmerton,  Carbon  County. 

17.  Lepiostropliia  interstrialis  (Vanuxem),  ventral  valve  x 1,  Chemung 
Blues  Gap,  Bedford  County. 

18.  L.  perplana  (Conrad),  ventral  valve,  internal  cast  x 1,  Mahantango 
formation.  Cove  Creek,  Fulton  County. 

19.  L.  perplana  (Conrad),  ventral  valve,  internal  cast  x 1,  Hazard 
paint  ore,  Palmerton,  Carbon  County.  (Photograph  by  L.  Whitcomb.) 

20.  L.  perplana  var.  nervosa  Hall,  dorsal  valve,  exterior  x 1,  Chemung,  8 
miles  south  of  Sayre,  Bradford  County. 

21.  L.  perplana  var.  nervosa  Hall,  ventral  valve,  interior  x %,  Canada- 
way, Smith  Creek  Valley,  Tioga  County. 

22.  L.  perplana  var.  alternata  Clarke  and  Swartz,  ventral  valve,  internal 
cast  X 1,  Chemung,  north  bank  Cowanesque  River,  Tioga  County. 
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23.  BouvilUna  nrcuata  (Hall),  ventral  valve.  exterif)r  x 2,  ’Themung-,* 
north  bank  Cowanesqiie  Kiver,  Tioga  County. 

24.  I),  rainifa  (Hall),  ventral  valve,  exterior  x 1,  “Chemung,”  EII<horn 
Creek  Valley,  Tioga  County. 

25.  7>.  cajnitn  (Hall),  ventral  valve,  internal  ca.st  x 1,  “Chemung,”  50-foot 
cliff  on  Elkhorn  Creek',  Tioga  County. 

26.  D.  cai/ufd  var.  yracUiora  (?)  Clarke  and  Swartz,  Chemung  coquinite 
zone  O,  section  north  of  Lock  Haven  along  Susquehanna  River,  Clinton 
County. 

27.  Strophcodoiita  concara  Hall,  dorsal  valve,  exterior  x 1,  Moscow  shale, 
Barnetts  Mill,  Perry  County. 

28.  N.  concara  Halt,  ventral  valve,  internal  cast  x 1,  Hazard  paint 
ore,  Palmerton,  Carbon  County.  (Photograph  by  L.  Whitcomb.) 


29. 

N.  (IcmlHHa 

(Conrad), 

ventral 

valve,  exterior 

X 

1, 

Trimmers 

Rock 

sandstone. 

Meiserville, 

Snyder 

County. 

30. 

»S'.  deal  in. 'sa 

( Conrad ) , 

ventral 

valve,  exterior 
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Trimmers 

Rock 

sandstone, 

Meiserville, 

Snyder 

Counly. 

31. 

N.  dcnii.'<.'<a 
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ventral 

valve,  exterior 
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Trimmers 

Rock 

sandstone,  .Meiserville,  Snyder  County. 
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i>LATi<:  i; 

Middle  and  Upper  Devonian 

BKACHIOl’ODA 

1.  Strnplicofloii  fn  (Iciiiisxa  (Conrad),  ventral  valve,  exterior  x 2,  Mahan- 
tango  formation,  Brodhead  Creek  Valley,  Monroe  County. 

2.  *k.  incqiiistriata  (Conrad),  ventral  valve,  exterior  x 2,  Mahantaiigo 
formation,  I’ennsylvania  K.  11.  east  from  Bloomsburg,  Columbia 
County. 

3.  S.  iiicquistriata  (Conrad),  ventral  valve,  exterior  x 1,  Lehigh  A'alley 
j)aint  ore,  I’almerton,  Carbon  County. 

4.  iS.  iitai/iiardi  Clarke  and  Swartz,  dorsal  valve,  extei'ior  x 1,  Chemung, 
coquinite  zone  O,  Susquehanna  \’alley  north  of  Look  Haven,  Clinton 
Countj-. 

5.  »S'.  patcrsoiii  Hall,  ventral  valve,  exterior  x 1,  llazai-d  paint  ore, 

Palmerton,  Carbon  County.  (Photogra))!!  by  L.  Whitcomb.) 

G.  S.  paiersoui  Hall,  ventral  valve,  exterior  x 1,  Hazard  paint  ore, 

Palmerton,  Carbon  County. 

7.  Pholidostrophia  pciiusi/lvaii  ica  Kindle,  ventral  valve,  exterior  x 4, 

Xeedmore  shale,  Susquehanna  lliver  Western  11.  11.  southeast  of 
Xew  Bloomfield,  Perry  County. 

8.  Lepfaoui  rliomhoidalis  (Wilckens),  dorsal  valve,  exterior  x 1,  Hazard 
paint  ore,  Palmerton,  Carbon  County.  ( Photograjjh  b\'  L.  Whitcomb.) 

9.  L.  rhoinboidalis  (Wilckens),  dorsal  valve,  e.xterior  x 1,  Onondaga, 
Bowmans,  Carbon  County. 

10.  Schuchcrtella  chemungensiH  (Conrad),  ventral  valve,  internal  cast 

X 1/2,  “Chemung,”  north  of  Gaines,  Tioga  County. 

11.  .S',  chcnuiugcnsis  (Conrad),  dorsal  valve,  internal  cast  x y^,  “Chemung,” 
l..j  miles  west  of  Jackson  Summit,  'I'ioga  County. 

12.  .S',  clliptica  Clarke  and  Swartz,  ventral  valve,  interior  x 1,  “Chemung,” 
Lehigh  ^'alley  R.  K.  south  of  Hornets  Pei-ry,  Bradford  Countj’. 

13.  .S',  pandora  (Billings),  ventral  valve,  exterior  x 1 Hazard  paint 
ore,  Palmerton,  Carbon  Countj'.  (Photograph  by  L.  Whitcomb.) 

14.  .S',  pandora  (Billing’-s) , ventral  valve,  exterior  x 1,  Hazard  paint  ore, 
I’almerton,  Carbon  County. 

15.  .S',  variahilis  Prosser,  dorsal  valve,  exterior  x 1,  Montebello  sandstone, 
north  of  Sterretts  Gap,  I’eri-y  County. 

16.  .S',  rariahilis  Prosser,  dorsal  valve,  exterior  x 1,  Hazard  paint  ore, 
Palmerton,  Carbon  County.  (Photograph  by  L.  Whitcomb.) 

17.  Chonetes  aurora  (Hall),  venti-al  valve,  exterior  x 6,  massive  Tully 
limestone,  Bedford  County.  (Photograph  by  G.  A.  Cooper.) 

18.  C.  aurora  (Hall),  ventral  valve,  interior  x 3,  massive  Tully  limestojie, 
Blair  County.  (Photograph  by  G.  A.  Cooper.) 

19.  Eodevonaria  arcuata  Hall,  ventral  valve,  extei-ior,  x 1,  Hazard  paint 
ore,  Palmerton  Carbon  County.  (Photograph  by  L.  Whitcomb.) 

20.  E.  arcuata  (Hall),  ventral  valve,  interior,  x 1.  Hazard  ])aint  ore, 

Palmerton,  Carbon  County.  (Photograph  by  L.  Whitcomb.) 

21.  E.  arcuata  (Hall),  ventral  valve,  interior  x Ifb,  Xeedmore  shale,  Mahan- 

tango  Creek  A'alley,  Snyder  County. 
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22.  K.  ((rciKttii  (?)  (Hall),  dorsal  valve,  exterior  x 2,  Needmore  shale,  Ma- 
hantango  Creek  Valley,  Snyder  Countj^ 

22.  K.  urruatn.  (Hall),  ventral  valve,  interior  x 2,  Needmore  shale,  iMahan- 
tango  Creek  Valley,  Snyder  County. 

24.  Chovetes  Imttsi  Kindle,  ventral  valve,  exterior  x 2,  Onondaga  black 
shale,  Pennsylvania  K.  E.  at  Newton  Hamilton,  Mifflin  County. 

25.  C.  huttsi  Kindle,  ventral  valve,  exterior  x 1,  Onondaga  black  shale, 
Pennsylvania  R.  E.  at  Newton  Hamilton,  Mifflin  County. 

26.  G.  huttsi  Kindle,  dorsal  valve,  exterior  x 1,  Onondaga  black  shale, 
Pennsylvania  E.  E.  at  Newton  Hamilton,  Mifflin  County. 

27.  C.  coronatus  (Conrad),  ventral  valve,  interior  x i/2’  Mahantango  forma- 
tion (middle  sandstone),  Chaneysville,  Bedford  County. 

28.  C.  heinisphericus  (Hall),  ventral  valve,  interior  x 2,  Selinsgrove  lime- 
stone, Pennsylvania  E.  E.  at  Newton  Hamilton,  Mifflin  County. 

29.  C.  lepidiformis  Clarke  and  Swartz,  ventral  valve,  interior  x 3,  Trim- 
mers Eock  sandstone,  .Juniata  Valley,  east  side,  Perry  County. 

30.  C.  lepidus  Hall,  ventral  valve,  internal  cast  x 3,  Mahantango  forma- 
tion, Eichelbergertown,  Bedford  County. 

31.  G.  lepidus,  ventral  valve,  interior  x 1,  Mahantango  formation,  Augh- 
wick  Creek  Valley,  Fulton  County. 

32.  G.  m ucronatus  Hall,  ventral  valve  x 2,  Marcellus  shale,  Stroudsburg 
quarr3',  Monroe  County. 

33.  G.  mucromitus  Hall,  ventral  valve  x 2,  Marcellus  shale,  Stroudsburg 
quarry,  Monroe  County. 

34.  G.  muerouatus  Hall,  ventral  valve  x 2,  Marcellus  shale,  Stroudsburg 
quarry,  Monroe  County. 

35.  G.  muerouatus  Hall,  ventral  valve,  exterior  x 2,  Mahantango  forma- 
tion, Needmore,  Fulton  County. 
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PLATE  18 

Middle  and  Upper  Devonian 

BKACHIOPODA 

1.  Chonetes  scitulus  Hall,  ventral  valve,  internal  cast  x IVa,  Mahan- 
tango  formation,  Reading  R.  R.  north  of  Auburn,  Schuylkill  County. 

2.  C.  vicinus  (Castelnau),  ventral  valve,  exterior  x 3,  locality  unkno\\m. 

3.  C.  viciiiiii!i  (Castelnau),  ventral  valve,  interior  x 2,  IMahantango 
formation,  Dimmsvile,  Juniata  County. 

4.  C.  setiger  (Hall),  ventral  valve,  internal  cast  x 2,  Mahantango  forma- 
tion, Lehigh  River  Valley,  Carbon  County. 

5.  C.  setiger  (Hall),  ventral  valve,  exterior  x 3,  Mahantango  forma- 
tion, Lehigh  River  Valley,  Carbon  County. 

6.  C.  setiger  (Hall)  dorsal  valve,  exterior  x 2,  Mahantango  formation, 
Lehigh  River  Valley,  Carbon  County. 

7.  Anoplia  nucleatn  Hall,  ventral  valve,  internal  cast  x 3,  Selinsgrove 
limestone,  Swatara  Gap,  Lebanon  County. 

8.  A.  nucleata  Hall,  ventral  valve,  exterior  cast  x 2,  Selinsgrove  lime- 
stone, Swatara  Gap,  Lebanon  County. 

9.  Strophalosia  truncata  (Hall),  crushed  ventral  valve,  internal  cast  x 2, 
Marcellus  shale,  1.5  miles  north  of  Stroudsburg,  Monroe  County. 

10.  8.  truncata  (Hall),  ventral  valve,  exterior  x 2,  Marcellus  shale,  1.5 

miles  north  of  Stroudsburg,  Monroe  County. 

11.  Prod  iirtclla  arctirost  rat  a Hall,  dorsal  valve,  exterior  x 1,  “Chemung.” 
Pine  Creek,  Lycoming  County. 

12.  P.  lachrgiiiosa  (Conrad),  dorsal  valve,  exterior  x 1,  “Chemung,”  Bear 
Creek,  Tioga  County. 

13.  P.  lavhrgiiiosa  (Conrad),  ventral  valve,  exterior  x 1,  "Chemiing,”  Bear 
Creek,  Tioga  County. 

14.  P.  lachrgniosa  (Conrad),  ventral  valve,  exterior  showing  spines,  x 1, 
Chemung,  Fyan  Mill,  Bedford  County. 

15.  P.  lachryinosa  var.  stigmata  Hall,  ventral  valve,  internal  cast  x i/o, 
Canada  way,  Luthers  Mills,  Bradford  County. 

16.  P.  laclirymosa  var.  stigmata  Hall,  ventral  valve,  internal  cast  x 1/2, 
Canadaway,  south  of  Hallenback,  Bradford  County. 

17.  P.  lachryinosa  var.  lima  (?)  (Conrad),  ventral  valve,  exterior  x 
Chemung,  Franklindale,  Bradford  County. 

18.  P.  omnusta  Hall,  ventral  valve,  exterior  x 1,  Canadaway,  north 
branch  Thornbottom  Creek,  Tioga  County. 

19.  P.  sgeciosa  Hall,  ventral  valvCj  exterior  x 1,  Canadaway,  north  branch 
Thornbottom  Creek,  Tioga  County. 

20.  P.  spinulicosta  Hall,  ventral  valve,  exterior  x 3,  Mahantango  forma- 
tion, Harrisonville,  Fulton  County. 

21.  P.  histricula  Hall,  ventral  valve,  exterior  x 4,  Trimmers  Rock  sand- 
stone, south  of  Little  Wapwallopen  Creek,  Luzerne  County. 

22.  Prod  actus  huUanus  AValcott,  dorsal  valve,  internal  cast  x 1,  Trimmers 
Rock  sandstone,  Meiserville,  Sn3uler  Countj'. 
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23.  BalmaneUa  Iciiticularis  (Vanuxem),  ventral  valve,  exterior  x 1,  Hazard 
paint  ore,  Palmerton,  Carbon  County.  (Photograph  by  L.  Whitcomb.) 

24.  D.  Icnticularis  (Vanuxem),  ventral  valve,  exterior  x 2,  Hazard  paint 
ore,  Palmerton,  Carbon  County. 

25.  7).  Icnticularis  (Vanuxem),  ventral  valve,  internal  cast  x 2,  Mahan- 
tango  formation,  Dimmsville,  Juniata  County. 

26.  Rhipidomella  leucosia  Hall,  dorsal  valve,  internal  cast  x 1,  Mahan- 
tango  formation,  Eichfield,  Juniata  County. 

27.  R.  leucosia  Hall,  dorsal  valve,  internal  cast  x ly^,  Mahantango  forma- 
tion, Richfield,  Juniata  County. 

28.  R.  penelope  Hall,  ventral  valve,  internal  cast  x 1,  Mahantango  forma- 
tion, Bedford,  Bedford  County. 

29.  R.  vanuxemi  Hall,  dorsal  valve,  exterior  x 2,  Mahantango  formation 
west  of  Newport,  Perry  County. 

30.  R.  vanuxemi  Hall,  ventral  valve,  internal  cast  x 2,  Mahantango  forma- 
tion, Oak  Run,  Lycoming  County. 

31.  Schizophoria  striatula  (Schlotheim),  ventral  valve,  internal  cast  x 
“Chemung”,  north  of  Gaines,  Tioga  County. 

32.  S.  striatula  (Schlotheim),  ventral  valve,  posterior  aspect  x 1,  Hazard 
paint  ore,  Palmerton,  Carbon  County.  (Photograph  by  L.  Whitcomb.) 

33.  /S.  Striatula  (Schlotheim),  ventral  valve,  exterior,  x 1,  Hazard  paint 
ore,  Palmerton,  Carbon  County.  (Photograph  by  L.  Whitcomb.) 

34.  /S.  striatula  (Schlotheim),  ventral  valve,  anterior  aspect  x 1,  Hazard 
paint  ore,  Palmerton,  Carbon  County.  (Photograph  by  L.  Whitcomb.) 
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Middle  and  Upper  Devonian 

BKACHIOPODA 

1.  Scliizophoria  proprinqua  Hall,  dorsal  valve,  exterior,  x 1,  Hazard 
paint  ore,  Palmerton,  Carbon  County. 

2.  Pentomarella  arata  (Conrad),  ventral  valve,  exterior,  x 1,  Hazard 
paint  ore,  Palmerton,  Carbon  County.  (Photograph  by  L.  Whitcomb.) 

3.  P.  arata  (Conrad),  ventral  valve,  lateral  aspect,  x 1,  Hazard  paint 
ore,  Palmerton,  Carbon  County.  (Photograph  by  L.  Whitcomb.) 

4.  P.  arata  (Conrad),  ventral  valve,  exterior,  x 1,  Hazard  paint  ore, 
Palmerton,  Carbon  Countj’.  (Photograph  by  L.  Whitcomb.) 

5.  P.  sp.,  ventral  valve,  exterior,  fragmentary,  x 1,  Tully  shale,  Imler, 
Bedford  County.  (Photograph  by  G.  A.  Cooper.) 

6.  Camarotcechia  coiif/re.qata  (Conrad),  dorsal  valve,  internal  cast  x %, 
‘‘Chemung”  north  of  Stokesdale,  Tioga  Countj’. 

7.  C.  congregata  (Conrad),  dorsal  valve,  internal  cast  x 3/^,  “Chemung” 
north  of  Stokesdale,  Tioga  County. 

8.  C.  congregata  var.  parklieadensis  Clarke  and  Swartz,  dorsal  valve,  ex- 
terior, x Vo,  Chemung  on  K.  E.  north  of  Cypher,  Bedford  County. 

9.  C.  congregata  var.  parklieadensis  Clarke  and  Swartz,  dorsal  valve,  ex- 
terior, X V2,  “Chemung”  east  of  Uniontown,  Fayette  County. 

10.  C.  contracta  (Hall),  ventral  valve,  exterior,  x li/>,  Chemung,  Manns 
Choice,  Bedford  Countj’. 

11.  C.  dotis  Hall,  ventral  valve,  exterior,  x 1,  Marcellus  shale,  Pennsylvania 
E.  E.  east  of  Schuylkill  Haven,  Schuylkill  County. 

12.  C.  eximia  Hall,  ventral  valve,  internal  cast,  x 1,  Chemung?,  Everett, 
Bedford  County. 

13.  C.  eximia  Hall,  dorsal  valve,  internal  cast,  x 2,  Chemung,  Susquehanna 
Eiver  Valley  north  of  Lock  Haven,  Clinton  County. 

14.  C.  eximia  Hall,  ventral  valve,  internal  cast,  x 2,  Chemung,  Susque- 
hanna River  Valley  north  of  Lock  Haven,  Clinton  County. 

15.  C.  horsfordi  Hall,  ventral  valve,  internal  cast  (crushed),  x 2, 
“Chemung,”  north  branch  Thornbottom  Creek,  Tioga  County. 

16.  C.  horsfordi  Hall,  dorsal  valve,  internal  cast,  x 1 “Chemung”  east  of 
Uniontown,  Fayette  County. 

17.  G.  orhicularis  Hall,  dorsal  valve,  internal  cast,  x 1,  “Chemung”  east  of 
Uniontown,  Fayette  County. 

18.  C.  orbicularis  Hall,  dorsal  valve,  internal  cast,  x 1,  “Chemung”  east  of 
Uniontown,  Fayette  County. 

19.  C.  orbicularis  Hall,  dorsal  valve,  lateral  aspect,  x 1,  “Chemung”  iron 
ore  3.8  miles  east  of  Wellsboro,  Tioga  County. 

20.  C.  proliflca  Hall,  dorsal  valve,  internal  cast  x 2,  Mahantango  formation 
south  of  Juniata  Eiver  at  Huntingdon,  Huntingdon  County. 

21.  C.  stecensi  (?)  Hall,  ventral  valve,  internal  cast  x 2,  Chemung,  Frank- 
lindale,  Bradford  County. 

22.  C.  sappo  Hall,  ventral  valve,  internal  cast  x 1'/,,  Xew  Milford  forma- 
tion, north  of  Lemon,  Wyoming  County. 
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23.  C.  sappo  Hall,  dorsal  valve,  internal  cast  x IV2,  New  Milford  formation, 
north  of  Lemon,  Wyoming  County. 

24.  C.  sappo  Hall,  dorsal  valve,  internal  cast  x 1,  New  Milford  formation, 
north  of  Lemon,  Wyoming  County. 

25.  Liorhynchus  glohiili forme  (Vanuxem),  dorsal  valve,  internal  oast  x 1, 
Trimmers  Eock  sandstone.  Big  Fishing  Creek  Valley  north  of  Light 
Street,  Columbia  County. 

26.  L.  laura  (Billings),  dorsal  valve  x 1,  Mahantango  formation,  Dimms- 
ville,  Juniata  County. 

27.  L.  laura  (Billings),  dorsal  valve,  exterior  x 1,  Mahantango  formation, 
Dimmsville,  Juniata  County. 

28.  L.  limitare  (Vanuxem),  dorsal  valve,  internal  cast  x 1,  Marcellus  shale, 
Huntingdon,  Huntingdon  Count5^ 

29.  L.  mesacostale  Hall,  ventral  valve,  internal  cast  x 1,  Chemung,  Manns 
Choice,  Bedford  County. 

30.  L.  mesacostale  Hall,  dorsal  valve,  internal  cast  x Chemung,  Manns 
Choice,  Bedford  County. 

31.  L.  mesacostale  Hall,  ventral  valve,  internal  cast  x %,  Losh  Run  shale?, 
6.1  miles  east  of  Northumberland,  Northumberland  County. 

32.  L.  multicostnm,  Hall,  dorsal  valve,  internal  cast  x 1,  “Chemung,”  north 
branch  Thorn-bottom  Creek,  Tioga  County. 

33.  L.  quadricostat'urn  (Vanuxem),  dorsal  valve,  internal  cast  x 1,  Mahan- 
tango formation,  northwest  of  Landingsville,  Schuylkill  County. 
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PLATE  20 

Middle  and  Upper  Devonian 

BRACHIOPODA 

1.  Hypothyridina  vemisfula  (Hall),  ventral  valve,  exterior  x 2,  massive 
Tully  limestone,  south-central  Pennsylvania.  (Photograph  by  G.  A. 
Cooper.) 

2.  H.  venustula  (Hall),  anterior  aspect  x 2,  massive  Tully  limestone, 
south-central  PennsjTvania.  (Photograph  by  G.  A.  Cooper.) 

3.  H.  venustula  (Hall),  dorsal  valve,  exterior  x 2,  massive  Tully  limestone, 
south-central  Pennsylvania.  (Photograph  by  G.  A.  Cooper.) 

4.  H.  venustula  (Hall),  ventral  valve  x 1,  Laurens  member,  Monroe 
County. 

5.  E.  vcnustua  (Hall),  dorsal  valve,  internal  cast  x 1,  distorted  specimen, 
Laurens  membei,  Monroe  County. 

6.  E.  venustula  (Hall),  ventral  valve,  internal  cast  x 1,  Laurens  member, 
Monroe  County.  (Photograph  by  G.  A.  Cooper.) 

7.  E.  venustula  (Hall),  dorsal  valve,  exterior  x 1,  Laurens  member,  Mon- 
roe County.  (Photograph  by  G.  A.  Cooper.) 

8.  Puynax  pugnus  (Martin),  ventral  valve,  exterior  x 2,  Trimmers  Rock 
sandstone,  0 miles  east  of  Northumberland,  Northumberland  County. 

9.  P.  pugnus  var.  altus  (Calvin),  ventral  valve,  exterior  x 2,  Portage, 
Newry,  Blair  County. 

10.  Vent roncllu  orata  Hall  (?),  dorsal  valve,  internal  cast  x 2,  Mahantango 
formation,  Chaneysville,  Bedford  County. 

11.  Gryptonellu  eudora  Hall,  ventral  valve,  internal  cast  x 1,  “Chemung”, 
New  York  State  1/2  mile  north  of  Elkland,  Tioga  County,  Pennsylvania. 

12.  Nervberria  sp.  ventral  valve,  internal  cast  x ^Montbello  sandstone, 
Rockville,  Dauphin  County. 

13.  Eunella  Unclclwiii  Hall,  ventral  valve,  internal  cast  x ly,,  Mahantango 
formation,  Selinsgrove  Junction,  Northumberland  County. 

14.  Tropidoleptus  carinatus  (Conrad),  ventral  valve,  exterior  x 1,  Mar- 
cellus  shale,  1.5  miles  north  of  Stroudsburg,  IMonroe  County. 

15.  T.  carinatus  (Conrad),  ventral  valve,  exterior  x 2,  Mahantango  forma- 
tion, Board  Run,  Perry  County. 

16.  T.  curinaius  (Conrad),  ventral  valve,  exterior  x 2,  Mahantango  forma- 
tion, Board  Run,  Perry  County. 

17.  Atrypa  hystrix  Hall,  ventral  valve,  exterior  x 1,  “Chemung,”  Bear 
Creek  Valley,  Tioga  County. 

18.  A.  hystrix  Hall,  ventral  valve,  internal  cast  x Chemung,  Deeters 
Gap,  Somerset  County. 

19.  A.  spinosa  Hall,  dorsal  valve,  exterior  x 1,  massive  Tully  limestone, 
Curtin,  Centre  County. 

20.  A.  reticularis  (Linnaeus),  ventral  valve,  exterior  x Trimmers  Rock 
sandstone.  Perry  County. 

21.  A.  reticularis  (Linnjieus),  ventral  valve,  internal  cast  x 1,  Mahantango 
formation  west  of  Roseglen,  Perry  County. 

22.  Cyrtina  haniiltonensis  Hall,  posterior  aspect  x 2,  Trimmers  Rock  sand- 
stone, Bartonville,  Monroe  County. 

23.  C.  haniiltonensis  Hall,  dorsal  valve,  internal  cast,  x 2,  Mahantango 
formation,  Chaneysville,  Bedford  County. 

24.  Cyrtia  alta  Hall,  ventral  valve,  internal  cast  x i/2>  post-Chemung,  north- 
east of  Corry,  Erie  County. 

25.  C.  alta  Hall,  posterior  aspect  x 1/2,  post-Cheinung,  north-east  of  Corry, 
Erie  County. 

26.  “Spirifer”  acuminatus  (Conrad),  anterior  aspect  x 1/2,  Mahantango 
formation,  Chaneysville,  Bedford  County. 

27.  “S.”  angustus  Hall,  ventral  valve  x 1,  Mahantango  formation,  Penn- 
sylvania R.  R.  east  of  Bloomsburg,  Columbia  County. 
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PLATE  21 

Middle  and  Upper  Devonian 

BRACHIOPODA 

1.  “Spirifcr”  aiidaciihis  (Conrad),  dorsal  valve,  internal  cast  x IMalian- 
tango  formation,  Harrisonville,  Fulton  County. 

2.  audaculus  (?)  (Conrad),  dorsal  valve,  internal  cast  x %,  Hazard 
paint  ore,  Palmerton,  Carbon  County.  (Photograph  by  L.  IVhitcomb.) 

3.  atidariilus  (Conrad),  ventral  valve,  internal  cast,  Montebello  sand- 
stone, Half  Falls  Mountain,  Perry  County. 

4.  “/S'.”  cousorhriinis  d’Orbigny,  ventral  valve  % Mahantango  formation. 
Beach  Haven,  Luzerne  County. 

5.  “/S'.”  disjunctus  Sowerby,  dorsal  valve,  internal  cast  x %,  Conewango, 
west  of  Corry,  Erie  County. 

6.  “/S.”  disjunctus  Sowerby,  ventral  valve,  internal  cast  x %,  Conewango, 
west  of  Corry,  Erie  County. 

7.  “/S'.”  divaricatus,  ventral  valve,  internal  cast  x Vi,  Centerfield  coral  reef 
north  of  Stroudsburg,  Monroe  County. 

8.  “/S'.”  divaricatus,  dorsal  valve,  internal  cast  x Vi/  Centerfield  coral  reef 
north  of  Stroudsburg,  Monroe  County. 

9.  “/S'.”  granulosus  (Conrad),  enlarged  x 2 to  show  surface  texture,  Ma- 
hantango formation.  Little  Fishing  Creek  Valle}',  Columbia  County. 

10.  “/S'.”  granulosus  (Conrad),  dorsal  valve,  fragmentary,  x Vi>  Alahan- 
tango  formation.  Little  Fishing  Creek  Valley,  Columbia  County. 

11.  “/S'.”  granulosus  (Conrad),  ventral  valve  x Vi/  Mahantango  formation. 
Little  Fishing  Creek  Valley,  Columbia  County. 

12.  “/S.”  niarci/i  var.  sui>crstcs  Clarke  and  Swartz,  dorsal  valve,  internal 
cast  X Vi/  Parkhead  sandstone.  Shy  Beaver,  Huntingdon  County. 

13.  “/S.”  inesacostalis  Hall,  ventral  valve,  internal  cast  x 1,  Trimmers  Rock 
sandstone,  Pine  Creek  Valley,  Lycoming  County. 

14.  “/S'.”  ntesacostalis  Hall,  ventral  valve,  internal  cast  x 1,  Trimmers  Rode 
sandstone.  Pine  Creek  Valley,  Lycoming  County. 

15.  “/S.”  niesastrialis  Hall,  dorsal  valve,  exterior  x %,  Trimmers  Rock 
sandstone,  Newport,  Perry  County. 

16.  “/S'.”  niesastrialis  Hall,  ventral  valve,  exterior  x %,  Trimmers  Rock 
sandstone,  Newport,  Perry  County. 

17.  “/S'.”  inucronaius  (Conrad),  ventral  valve,  internal  cast  x 1,  !Mahan- 
tango  formation,  Reeds  Gap,  Juniata  County. 

18.  “/S'.”  in  ucronat  us  var.  postcrus  Hall  and  Clarke,  ventral  valve,  interior 
X 1,  Trimmers  Rock  sandstone,  lileiserville,  Snyder  County. 

19.  “/S'.”  in  ucronat  us  var.  postcrus  Hall  and  Clarke,  ventral  valve,  internal 
cast  X 2,  Trimmers  Rock  sandstone,  2.8  miles  north  of  Mausdale,  Mon- 
tour County. 

20.  “/S'.”  pauliforniis  ,T.  S.  iVilliams,  dorsal  valve  x 2,  slialy  Tully,  /South 
Danville,  Northumberland  County.  (Photograph  by  G.  A.  Cooper.) 

21.  “/S'.”  pauliforin  is  J.  S.  Williams,  dorsal  valve,  fragmentary,  x 2,  shaly 
Tully,  South  Danville,  Northumberland  County.  (Photograph  bj'  G.  A. 
Cooper.) 
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22.  “iS'.”  raricostus  Hall,  ventral  valve,  exterior  x 1,  Selinsgrove  limestone, 
Maliantango  Creek,  Snyder  County. 

23.  “S.”  sculptilis  Hall,  ventral  valve,  interior  x 1,  !Mahantango  formation, 
Bedford,  Bedford  County. 

24.  “5f.”  tullius  Hall,  ventral  valve,  internal  cast  x V2,  top  Mabantango 
formation  (Moscow),  Lehigh  Elver  Valley,  Carbon  County. 

25.  “S.”  tullius  Hall,  dorsal  valve,  exterior  x 2,  topmost  Maliantango  shale. 
South  Danville,  Northumberland  County. 

26.  “S.”  tcilUamsi  (?)  Hall  and  Clarke,  dorsal  valve,  interior  x T-Vz,  Can- 
adaway, Franklindale,  Bradford  County. 

27.  “S'.”  macrothyris  (?)  Hall,  fragment  of  ventral  valve  x 1,  Hazard 
paint  ore,  Palmerton,  Carbon  County.  (Photograph  by  L.  Whitcomb.) 

28.  Elytlia  flmhriata  (Conrad),  dorsal  valve,  exterior  x 1,  Mahantango 
formation,  4 miles  south  of  New  Bloomfield,  Perry  County. 

29.  E.  prceniatura  Hall,  ventral  valve  (?)  fragment  x 2,  “Chemung”,  east 
of  Uniontown,  Fayette  County. 
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PLATE  22 

Middle  and  Upper  Devonian 

BEACHIOPODA 

1.  Reticularia  Icevis  (Hall),  dorsal  valve,  internal  cast  x i/o,  Losh  Run 
shale,  3 miles  west  of  Chulasky,  Northumberland  County. 

3.  R.  Iwvis  (Hall),  ventral  valve,  internal  cast  x y^,  Losh  Run  shale,  3 
miles  west  of  Chulasky,  Northumberland  County. 

3.  R.  Iwvis  (Hall)  dorsal  valve,  internal  cast,  hearing  Cladopora  humilis, 
x %,  Losh  Run,  shale,  Juniata  Valley,  Perry  County. 

4.  Martinia  suiumiona  (Hall),  dorsal  valve,  internal  cast  x 1,  Marcellus 
shale,  1.5  miles  north  of  Stroudsburg,  Monroe  County. 

5.  M.  suhumhona  (Hall),  dorsal  valve,  internal  cast  x 3,  Marcellus  shale, 
1.5  miles  north  of  Stroudsburg,  Monroe  County. 

6.  M.  suhumbona  (Hall),  ventral  valve,  internal  cast  x 2,  Marcellus  shale, 
1.5  miles  north  of  Stroudsburg,  Monroe  County. 

7.  Spring otliyr is  texta  (Hall),  posterior  aspect  x 1,  post-Chemung,  John- 
sonburg.  Elk  County. 

8.  S',  texta  (Hall),  ventral  valve,  internal  cast  x 1/2,  post-Chemung,  John- 
sonburg,  Elk  County. 

9.  S.  texta  (Hall),  ventral  valve,  internal  cast  x 1/2,  post-Chemung,  John- 
sonburg.  Elk  County. 

10.  Ambocoelia  nana  G-rabau,  ventral  valve,  internal  cast  x 2,  Marcellus 
shale,  quarry  at  Stroudsburg,  Monroe  County. 

11.  A.  nana  Grabau,  ventral  valve,  internal  cast  x 2,  Marcellus  shale, 
quarry  at  Stroudsburg,  Monroe  County. 

12.  A.  umbonata  (Conrad),  ventral  valve,  internal  cast  x 2,  basal  Chemung, 
Bedford,  Bedford  County. 

13.  A.  umbonata  (Conrad),  mass  of  shells  commonly  referred  to  as  A. 
“gregaria",  basal  Chemung,  Bedford  County. 

14.  A.  umbonata  (Conrad),  ventral  valve,  exterior  x 3,  basal  Chemung, 
Bedford,  Bedford  County. 

15.  A.  prwumbona  Hall,  ventral  valve,  internal  cast  x 2,  Mahantango 
formation,  Barnetts  Mill,  Perry  County. 

16.  A.  prwumbona  Hall,  ventral  valve,  internal  cast  x 3,  Barnetts  Mill, 
Perry  County. 

17.  Echinoccelia  amboccelioides  Cooper  and  Williams,  ventral  valve  x 1, 
massive  Tully  limestone,  Dunning  Creek  Valley,  Bedford  County. 
(Photograph  by  G.  A.  Cooper.) 

18.  E.  amboccelioides  Cooper  and  Williams,  laterial  view  x 1,  massive  Tully 
limestone,  Dunning  Creek  Valley,  Bedford  County.  (Photograph  by 
G.  A.  Cooper.) 

19.  E.  ambocceliodes  Cooper  and  Williams,  dorsal  valve  x 1,  massive  Tully 
limestone,  Dunning  Creek  Valley,  Bedford  County.  (Photograph  by  G. 
A.  Cooper.) 

20.  Charionella  ovata  J.  S.  Williams,  dorsal  valve,  exterior  x 1,  massive 
Tully  limestone,  Curtin,  Centre  County.  (Photograph  by  G.  A.  Cooper.) 

21.  Nucleospira  eoncinna  Hall,  dorsal  valve,  internal  cast  x 2,  Mahantango 
formation,  east-central  Carbon  County. 
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22.  N.  concinna  Hall,  ventral  valve,  internal  cast  x 2,  Mahantango  forma- 
tion, east-central  Carbon  County. 

23.  EmanneUa  pennsylvanica  Willard,  dorsal  valve,  exterior  x 2,  massive 
Tully  limestone,  south-central  Pennsjdvania.  (Photograph  by  G.  A. 
Cooper.)  Type. 

24.  E.  pennsylvanica  Willard,  ventral  valve,  exterior  x 2,  massive  Tully 
limestone,  south-central  Pennsylvania.  (Photograph  by  G.  A.  Cooper.) 
Type. 

25.  E.  pennsylvanica  Willard,  lateral  aspect  x 2,  massive  Tully  limestone 
south-central  Pennsylvania.  (Photograph  by  G.  A.  Cooper.)  Type. 

26.  Anoplotheca  actitiplicata  (Conrad),  ventral  valve,  interior  x ll^■,  Need- 
more  shale,  Schellsburg,  Bedford  County. 

27.  A.  Camilla  (Hall),  ventral  valve  x 1,  exterior,  Mahantango  formation, 
Barnetts  Mill,  Perry  County. 

28.  Vitalina  pustulosa  Hall,  ventral  valve,  exterior  x 2,  top  of  Mahantango 
formation.  South  Danville,  Northumberland  County. 

29.  1^.  pustulosa  Hall,  ventral  valve,  exterior  x 1,  Barnetts  Mill,  Perry 
County. 

30.  Athyris  angelica  Hall,  dorsal  valve,  internal  cast  x 1,  Canadaway,  East 
Charleston,  Tioga  County. 

31.  A.  angelica  Hall,  ventral  valve,  internal  cast  x 1,  Canadaway,  East 
Charleston,  Tioga  County. 

32.  A.  cora  Hall,  ventral  valve,  exterior  x 1,  New  Milford  formation.  Drink- 
ers Creek  Valley,  Susquehanna  County. 

33.  A spiriferoides  (Eaton),  ventral  valve,  internal  cast  x 1,  Mahantango 
formation,  1 mile  west  of  Deer  Lake,  Schuylkill  County. 

34.  A.  spiriferoides  (Eaton),  ventral  valve,  internal  cast  x 1,  Mahantango 
formation.  South  Danville,  Northumberland  County. 

33.  Meristella  nasuta  (Conrad),  ventral  valve,  lateral  aspect  x 1,  Mahan- 
tango formation,  Mahantango  Creek  Valley,  Snyder  County. 

36.  M.  nasuta  (Conrad),  ventral  valve,  exterior,  x 2,  Mahantango  forma- 
tion, Mahantango  Creek  Valley,  Snyder  County. 
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PLATE  33 

Middle  and  Upper  Devonian 

PELECYPODA 

1.  Aviculopecteri  exactus  Hall,  right  valve  x 2/3,  Ylahantango  formation, 
Eichfielcl,  Juniata  County. 

2.  A.  invalidus  Hall,  left  valve  x 3,  Marcellus  shale,  1.5  miles  north  of 
Stroudsburg,  Monroe  County. 

3.  A.  princeps  (Conrad),  left  valve  x Mahantango  formation.  South 
Danville,  Northumberland  County. 

4.  Lyriopecten  interradius  (?)  Hall,  fragment,  left  valve  x 1,  Mahantango 
formation,  McCoysville,  Juniata  County. 

5.  L.  magniflcus  (?)  Hall,  fragment,  x 1,  “Chemung,”  Cowanesque  Valley, 
Tioga  County. 

6.  L.  priamus  (?)  Hall,  fragment,  x 1,  Chemung,  Charleston,  Tioga 
County. 

7.  L.  anomicEformis  (Hall),  left  valve  x 1,  Chemung,  Pine  Creek,  Lycom- 
ing County. 

8.  Pterinopecten  crenicostatus  Hall,  right  valve  x 1,  Trimmers  Kock, 
south  of  Montebello,  Perry  County. 

9.  P.  undosus  Hall,  left  valve  x li/o,  Mahantango  formation.  Board  Kun, 
Perry  County. 

10.  P.  vetumniis  Hall,  right  valve  x I1/2,  Mahantango  formation,  4 miles 
south  of  New  Bloomfield,  Perry  County. 

11.  Pterinea  chemungensis  (Conrad),  left  valve  x 2/3,  Trimmers  Eock 
sandstone,  Meiserville,  Snyder  County. 

12.  P.  dispanda  Hall,  left  valve  x 1/3,  “Chemung”,  one-half  mile  west  of 
Jackson  Summit,  Tioga  County. 

13.  P.  interstriaUs  Hall,  left  valve  x Chemung,  Bedford,  Bedford 
County. 

14.  P.  consUnilis  Hall,  left  valve  x %,  Trimmers  Eock  sandstone,  Newport, 
Perry  County. 

15.  P.  prora  (2)  Hall,  fragment  x 1,  Trimmers  Eock  sandstone,  Trimmers 
Eock,  Perry  County. 

16.  P.  flabellum  (Conrad),  left  valve  x Va,  Mahantango  formation,  Peru 
Alills,  Juniata  County. 

17.  P.  nodocosta  Clarke  and  Swartz,  left  valve  x Vg,  Trimmers  Eock  sand- 
stone, Meiserville,  Snyder  County. 
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PLATE  24 

3Iiddle  and  Upper  Devonian 

PELECYPODA 

1.  Pterinea  reprohra,  left  valve  x IV2,  Trimmers  Rock  sandstone  south  of 
Montebello,  Perry  County. 

2.  Actinopteria  hoijdi  (Conrad),  left  valve  x 2,  Montebello  sandstone. 
Green  Point,  Lebanon  County. 

3.  A.  decussata  Hall,  left  valve  x 2,  Montebello  sandstone.  Green  Point, 
Lebanon  County. 

4.  A.  delta  Hall,  left  valve  x I1/2,  Chemung,  Oak  Run,  Lycoming  County. 

5.  A.  epsilon  Hall,  left  valve  x 1,  Trimmers  Rock  sandstone,  north  of 
Kings  Mill,  Perry  County. 

6.  Actinodesma  erectum  (?)  (Conrad),  left  valve  x 2/3,  Trimmers  Rock 
sandstone,  northwest  of  Suedsburg,  Schuylkill  County. 

7.  Actinopteria  muricata  Hall,  left  valve  x 2,  Marcellus  shale,  Pennsylvania 
R.  R.  east  of  Schuylkill  Haven,  Schuylkill  County. 

8.  A suidecussata  Hall,  left  valve  x 1/2,  Mahantango  formation,  north 
of  Marshalls  Creek,  Monroe  County. 

9.  Glyptodesma  erectum  (?)  Conrad,  right  valve  x 2/3,  Centerfield  coral 
reef,  north  of  Stroudsburg,  Monroe  County. 

10.  Liopteria  conradi  Hall,  left  valve  x IV2,  Trimmers  Rock  sandstone,  4 
miles  north  of  Milford,  Pike  County. 

11.  L.  bigsl)yi  Hall,  left  valve  x IV2,  Trimmers  Rock  sandstone,  Winfield, 
Union  County. 

12.  L.  Icevis  Hall,  left  valve  x 3,  Marcellus  shale,  W^infield,  Llnion  County. 

13.  L.  linguiformis  Hall,  left  valve  x 1,  Trimmers  Rock  sandstone,  Pine 
Creek  Valley,  Lycoming  County. 

14.  L.  marylandica  (?)  Clarke  and  Swartz,  fragment  x 1,  Chemung,  Bed- 
ford, Bedford  County. 

15.  L.  lepiduni  (?)  Hall,  fragment  x 1,  “Chemung”,  Sweetbriar  Church, 
Tioga  County. 

16.  L.  sayi  Hall,  left  valve  x 2^2,  Needmore  shale.  Pine  Creek  Valley,  Lj-- 
coming  County. 

17.  Leptodesma  creon  Hall,  left  valve  x 2,  “Chemung,”  Bear  Creek,  Tioga 
County. 

18.  L.  curvatum  Hall,  left  valve  x 1%,  “Chemung”,  Cowanesque  Valley, 
Tioga  County. 

19.  L.  becki  Hall,  right  valve  x 2,  Canadaway?,  Franklindale,  Bradford 
County. 

20.  L.  elongatum  Clarke  and  Swartz,  right  valve  x IV3,  Trimmers  Rock 
sandstone,  Winfield,  Union  County. 

21.  L.  jason  Hall,  left  valve  x 2,  Canadaway,  south  of  Galeton,  Potter 
County. 

22.  L.  medon  Hall,  left  valve  x 1,  Chemung,  Warrens  Mill,  Somerset  County. 

23.  L.  lesleyi  Hall,  left  valve  x I1/2,  “Chemung”  on  Erie  R.  R.  near  Tioga, 
Tioga  County. 
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PLATE  25 

Middle  and  Upper  Devonian 

PELECYPODA 

1.  Leptodesrna  liclias  Hall,  right  valve  x 1,  Trimmers  Rock  sandstone, 
Bartonville,  Monroe  County. 

2.  L.  longispinum  Hall,  left  valve  x 2,  Canadaway,  south  of  Galeton,  Pot- 
ter County. 

3.  L.  mtiltiplex  (?)  Clarke,  right  valve  x 2,  Harrell  shale  (?),  Mahantango 
Creek,  Snyder  County. 

4.  L.  naviforme  Hall,  right  valve  x 2,  Chemung,  west  of  Newry,  Blair 
County. 

5.  L.  rogersi  Hall,  right  valve  x 2,  “Chemung,”  Bear  Creek,  Tioga  County. 

6.  L.  sociale  Hall,  left  valve  x 4,  Canadaway,  Franklindale,  Bradford 
County. 

7.  L.  sociale  Hall,  left  valve  x 2,  Canadaway,  Franklindale,  Bradford 
County. 

8.  L.  sociale  Hall,  right  valve  x 2,  Canadaway,  Franklindale,  Bradford 
County. 

9.  L.  orcus  Hall,  left  valve  x 2,  Canadaway,  Franklindale,  Bradford 
County. 

10.  L.  aliforme  (?)  Hall,  left  valve  x 1,  Trimmers  Rock  sandstone,  Oak 
Run,  Lycoming  County. 

11.  L.  erodes  (?)  Hall,  right  valve  x 2,  Chemung  (?)  north  of  Shamokin 
Dam,  Snyder  County. 

12.  Posidonia  mesacostalis  (Williams),  right  valve  x 4,  Harrell  shale, 
Saltillo,  Huntingdon  County. 

13.  Kochia  ungitUa  Clarke,  left  (?)  valve  x 2,  Harrell  shale,  5 miles  west 
of  Duncannon,  Perry  County. 

14.  Loxopteria  corrugata  Clarke,  left  valve  x 3,  Harrell  shale,  Tatesville, 
Bedford  County. 

15.  Ectodesma  hirostratuni  Hall,  right  valve  x 1,  Trimmers  Rock  sand- 
stone, south  of  Sulphur  Springs,  Perry  County. 

16.  Mytilarca  oviformis  (Conrad),  right  valve  x 1,  “Chemung,”  Bear  Creek 
Valley,  Tioga  County. 

17.  M.  symplex  Hall,  right  valve  x %,  ‘‘Chemung,”  Charleston  Creek  Val- 
ley, Tioga  County. 

18.  Modiomorplia  alia  Hall,  left  valve  x 2^/2,  Marcellus  (?),  south  of  Dal- 
matia, Northumberland  County. 

19.  M.  concentrica  Hall,  fragment  x %,  Mahantango  formation.  Board 
Run,  Perry  County. 

20.  M.  mytiloides  Hall,  right  valve  x 1/2,  Trimmers  Rock  sandstone,  Wilson 
Run,  Northumberland  County. 

21.  M.  suhalata  Hall,  left  valve  x New  Milford  sandstone,  Starrucca 
Creek  Valley,  Susquehanna  County. 

22.  M.  arcuata  Hall,  right  valve  x %,  New  Milford  sandstone,  Starrucca 
Creek  Valley,  Susquehanna  County. 
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23.  M.  tioga  Hall,  left  valve  x 3/4,  Trinmiers  Rock  sandstone,  Analomink, 
Monroe  County. 

24.  Goniophora  glatinis  Hall,  right  valve  x VL>,  Trinuners  Rock  sandstone, 
Meiserville,  Snyder  County. 

25.  G.  hamiltouensis  Hall,  fragment  x y.,  Mahantango  formation, 
Reading  E.R.  north  of  Auburn,  Scliuylkill  County. 

26.  G.  rwfifostt  (Conrad),  left  and  right  valves  x y,.  Trimmers  Rock  sand- 
stone, Meiserville,  Snyder  County. 

27.  G.  chennnujensis  (?)  (Vanuxem),  left  valve  x ly,,  “Chemung”,  north 
branch  Thornbottom  Creek,  Tioga  County. 

28.  Cypricardella  hcUistriata  (Conrad),  right  valve  x 1%,  Mahantango 
formation,  Richfield,  Juniata  Counl\. 
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PLATE  26 

Middle  and  Upper  Devonian 

PELECYPODA 

I.  Ci/iii-icardelhi  hnlciita  (Conrad),  right  valve  x 2,  Mahantango  forma- 

tion, Harrisonville,  Fulton  Count3‘. 

2.  C.  marylandica  (?)  Clarke  and  Swartz,  left  valve  x 1,  Chemung,  War- 

ren’s Mill,  Somerset. 

3.  G.  nitidula  Clarke  and  Swartz,  left  valve  x 2,  Mahantango  formation, 
Mahantango  Creek  Valley,  Snyder  County. 

4.  C.  cumberlandice  (?)  Clarke  and  Swartz,  fragment  x y^.  Trimmers 
Kock  sandstone,  Harrisonville,  Fulton  CountJ^ 

5.  C.  tcnuistriata  (Hall),  right  valve  x y,,  Mahantango  formation,  Eichel- 
bergertown,  Bedford  County. 

6.  Nucula  bellistrlata  (Conrad),  left  valve  x ly,,  Mahantango  formation, 
Huntingdon,  Huntingdon  County. 

7.  iV.  hellistriata  (Conrad),  right  valve  x 2,  Mahantango  formation, 
Dimmsville,  Juniata  County. 

8.  N.  corhuliformis  Hall,  left  valve  x li/g,  Mahantango  formation,  8 miles 
north  of  Mausdale,  Montour  County. 

9.  N.  glohularis  Hall,  right  valve  x 1,  Canadawaj',  south  of  Galeton,  Pot- 
ter County. 

10.  N.  lirata  (Conrad),  left  valve  x 2,  Mahantango  formation,  north  of 
Marshalls  Creek,  Monroe  County. 

II.  N.  lirata  (Conrad),  right  valve,  internal  cast  x 1,  Mahantango  forma- 
ton,  south  of  Junata  River  at  Huntingdon,  Huntingdon  County. 

12.  N.  randalli  Hall,  left  valve,  internal  cast  x 2,  Mahantango  formation, 
Mahantango  Creek  Valley,  Snyder  County. 

13.  V.  varicosa  Hall,  right  valve  x 1,  Mahantango  formation,  south  of  Juni- 
ata River  at  Huntingdon,  Huntingdon  County. 

14.  Niicidities  cuneiformis  Conrad,  left  valve  x I1/2,  Mahantango  forma- 
tion, west  of  Seven  Stars,  Juniata  County. 

15.  V.  ohlongatu  Conrad,  right  valve,  internal  cast  x 1,  Mahantango  forma- 
tion, Dimmsville,  Juniata  County. 

16.  jV.  oblongata  Conrad,  left  valve,  internal  cast  x 1,  Mahantango  forma- 
tion, Dimmsville,  Juniata  County. 

17.  N.  trlqueter  Conrad,  left  valve  x 1,  Mahantango  formation.  Cove  Creek 
Vallej’,  Fulton  County. 

18.  Lcda  di versa  Hall,  left  valve,  internal  cast  x 2,  Mahantango  formation, 
Dimmsville,  Juniata  County. 

19.  L.  diversa  Hall,  superior  aspect,  internal  cast  x 2,  Mahantango  forma- 
tion, Dimmsville,  Juniata  County. 

20.  L.  obscura  Hall,  left  valve  x 2,  Trimmers  Rock  sandstone,  Analomink, 
Monroe  County. 

21.  L.  rostellata  (Conrad),  left  valve  x 2,  Mahantango  formation,  Dimme- 
ville,  Juniata  Countj\ 

22.  Falwoneilo  einarginata  (Conrad),  left  valve  x 2,  Mahantango  forma- 
tion, South  Danville,  Northumberland  County. 
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23.  P.  'brevis  Hall,  right  valve,  internal  cast  x 1V2>  Trimmers  Rock  sand- 
stone, Juniata  Valley,  east  Perry  County. 

24.  P.  angusta  Hall,  right  valve  x 1,  Chemung,  Blues  Gap,  Bedford  County. 

25.  P.  fecuuda  Hall,  left  valve  x 2,  Mahantango  formation.  South  Danville, 
Northumberland  County. 

26.  P.  fllosa  (Conrad),  right  valve  x 2,  Chemung,  Oak  Run,  Lycoming 
County. 

27.  P.  maxima  (Conrad),  right  valve,  internal  cast  x 11/2,  Mahantango 
formation,  Reading  R.  R.  north  of  Auburn,  Schuylkill  County. 

28.  P.  plana  Hall,  left  valve,  internal  cast  x 2,  Mahantango  formation, 
south  of  Juniata  River  at  Huntingdon,  Huntingdon  County. 

29.  P.  plana  Hall,  left  valve  x 2,  Mahantango  formation,  Manns  Choice, 
Bedford  County. 

30.  P.  tennistriata  Hall,  right  valve  x 1,  Mahantango  formation,  Hunting- 
don, Huntingdon  County. 

31.  Nyassa  arguta  Hall,  right  valve  x 1,  Marcellus  shale,  quarry  at  Strouds- 
burg, Monroe  County. 

32.  V.  subalata  Hall,  right  valve  x 2,  Trimmers  Rock  sandstone,  north  of 
Milford,  Pike  County. 
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PLATE  27 

Middle  and  Upper  Devonian 

PELECYPODA 

1.  (I roiiiiinffiid  arriiafa  (Conrad),  right  valve  x !Mahantango  forma- 
lion,  McCo.vsville,  Juniata  County. 

2.  G.  circHlarif!  Hall,  right  valve  x 1,  Mahantango  formation.  Fiddlers 
Eun,  Nortluimherland  County. 

G.  romiinniis  Hall,  right  and  left  valves  x 1,  Trimmers  Kock  sandstone, 
Meiserville,  Juniata  County. 

4.  G.  cUii>tica  Hall,  left  valve  x 2/3,  Canadaway,  Franklindale,  Bradford 
County. 

a.  G.  iiiai/iKi  Hall,  left  valve  x Mahantango  formation,  Heading  K.  B. 
north  of  Auburn,  Schuylkill  County. 

0.  G.  hifiiiicnfd  (Conrad),  left  valve  x i/i.  Trimmers  Kock  sandstone,  !Mc- 
Michael’s  Creek  Valley,  Monroe  Cf)unty. 

7.  G.  .siihfirctikiris  Hall,  right  valve  x 1,  Trimmers  Rock  sandstone,  New- 
port, I’erry  County. 

8.  G.  ohsolcta  Hall,  right  valve  x 1,  iMahantango  formation,  Black  Valley 
Gap,  Bedford  County. 

i).  G.  siihiiasKtd  Hall,  left  valve  x 1,  Canadaway,  South  of  Galeton,  Potter 
County. 

10.  Gi>he)iol IIS  coiG irict IIS  Hall,  left  valve  x 1,  Chemung,  Port  Matilda, 
Centre  County. 

11.  S.  rldviis  (Conrad),  right  valve  x 1,  “Chemung”,  Victoria,  Fayette 
County. 

12.  t^iidtlirUa  ti/picd.  Hall,  left  valve  x 2,  “Chemung”,  Victoria,  Fayette 
County. 

13.  I’lnieiikd  costdtd  Hall,  right  valve  x Vs,  Marcellus  shale,  quarry  at 
Stroudsburg,  Monroe  County. 

14.  P.  hero  Hall,  fragmentary  right  and  left  valves  x Vs,  ^Marcellus  shale, 
(piarry  at  Stroudsburg,  Monroe  County. 

1.).  Oiitdrid  siihorhinihiris  (Hall),  right  valve  x 2,  Harrell  shale,  Mahan- 
taugo  Creek  Valley,  Snyder  County. 

1(>.  Jiiichiold  eoiirersa  Clarke,  left  valve  x 4,  Harrell  (?)  shale,  south  of 
Little  Wapwallopen  Creek,  Luzerne  County. 

17.  />'.  livoiiiw  Clarke,  right  valve  x 3,  Harrell  shale,  Bedford,  Bedford 
County. 

18.  />’.  livoiiiw  Clarke,  right  valve  x 4,  Harrell  shale,  Bedford,  Bedford 
County. 

10.  ]}.  nidi'riw  Clarke  and  Swartz,  left  valve  x 3,  Harrell  shale,  Tatesville, 

Bedford  County. 

20.  B.  iiiiirriie  Clarke  and  Swartz,  left  valve  x 3,  Harrell  shale,  Tatesville, 
Bedford  Coiinty. 

21.  B.  ret rostridta  (von  Buch),  left  valve  x 3,  Harrell  shale,  Chaneysville, 
Bedford  County. 

22.  />’.  rctrostridtd  (von  Bucli),  left  valve  x 3,  Harrell  shale,  Chaneysville, 
Bedford  County. 

23.  B.  .siisi/iiehdiiiiica  Willard,  left  valve  x 2,  shaly  top  of  Tully,  Larrys 
Creek,  Lj'coming  County.  Type. 

24.  Pra'ciirdiinn  vetiistiiiii  Hall,  left  valve  x 4,  Harrell  shale,  Larrys  Creek, 
Lycoming  County. 

25.  Fiiraeiiriliiiiii  ileiicdl  ii in  Clarke,  right  valve  x 4,  Harrell  shale,  Chaneys- 
ville, Bedford  County. 

26.  (Iclicdtiiiii  Clarke,  right  valve  x 4,  Harrell  shale,  Chaneysville,  Bed- 
ford County. 


PENNSYLVANIA  GEOLOGICAL  SURVEY 


BULLETIN  G 19,  PLATE  27 


MIDDLE  AND  UPPER  DEVONIAN  PELECYPODA 


PENNSYLVANIA  GEOLOGICAL  SURVEY 


BULLETIN  G 19,  PLATE  28 


MIDDLE  AND  UPPER  DEVONIAN  PELECYPODA 


DKSCIUI’TIOX  OK  I'LATKS 


42.) 


PLATE  28 

Mifidle  and  Upper  Devonian 

PELECYPOUA 

1.  Pa racnnUinu  ((oris  Hall,  left  valve  x 4,  Harrell  shale,  Tatesville,  Becl- 
fortl  County. 

2.  Linnilicardiiim  ciinihnia  Clarke  and  Swartz,  right  valve  x 4,  Harrell 
shale.  Lock  Haven,  Clinton  Countj’. 

3.  L.  cncriiiifinn  Clarke,  right  valve  x 4,  Harrell  shale,  Saltillo,  Hunting- 
don County. 

4.  L.  altscgiiicn  Clarke,  left  valve  x 2,  Harrell  shale,  Bedford,  Bedford 
County. 

5.  Ptcroclirrnia  fragitis  (Hall),  left  valve  x 3,  Harrell  shale,  Tatesville, 
Bedford  ('t)unty. 

6.  P.  fragiUs  (Hall),  left  valve  x 3,  Hari-ell  shale,  Tatesville,  Bedford 
County. 

7.  P.  fragilis  var.  orhieiilaris  Clarke,  right  valve  x 3,  Harrell  shale,  Sal- 
tillo, Huntingdon  County. 

8.  /'.  siiiKosa  Clarke,  right  valve  x 21/2,  Harrell  shale,  Saltillo,  Huntingdon 
Countj". 

9.  P.  oisluiqinv  Clarke,  right  valve  x 2,  Harrell  shale,  Saltillo,  Huntingdon 
Countj". 

10.  /'.  ciishagiia'  Clarke,  right  valve  x 3,  Harrell  shale,  Saltillo,  Hunting- 

don Countj". 

11  Paracgclas  eUigtica  Hall,  left  valve  x 1,  Mahantango  formation.  Deer 
Lake,  Sehuj"lkill  Countj". 

12.  P.  tciiids  (?)  Hall,  left  valve,  fragment  x 1,  Hahantango  formation, 
Chanej'sville,  Bedford  Countj". 

13.  P.  lirafa  (Conrad),  left  valve  x 2,  Mahantango  formation,  southwest 
of  Schuj"lkill  Haven,  Schuj"lkill  Coiintj". 

14.  P.  lirata  (Conrad),  left  valve  x 1,  Hahantango  formation.  Green  Point, 
Lebanon  Countj". 

1.5.  8chizo(l as  a ggi'cssiis  (Conrad),  left  valve  x 1/3,  Trimmers  Rock  sand- 
stone, I’ine  Creek  Vallej",  Lj"coming  Countj". 

16.  8.  ohlutas  Hall,  right  valve,  fragment  x 1,  Xew  iMilford  sandstone, 
Drinker  Creek  Vallej",  Susquehanna  Countv. 

17.  8.  1 rigotiaiis  Clarke  and  Swartz,  left  valve  x 2/3,  Chemung,  east  of 
Cha nej"sville,  Bedford  County. 

18.  8.  rliomhcus  Hall,  right  valve  x 1,  Kings  Mill  sandstone,  Eoseglen, 
Perrj"  Countj". 

19.  S'.  rhoinhcKS  Hall,  left  valve  x 1,  King's  ^lill  sandstone,  R'oseglen,  Perrj" 
Countj". 

20.  Prof  h i/ris  la nccolat a Hall,  right  valve  x 2'/.,  Mahantango  formation, 
Dimmsville,  Juniata  Countj". 

21.  8olnaga  roitrosta  (?).  yieek.  left  valve  x 2,  Mahantango  formation 
(yioscow),  Barnetts  Mill,  Perrj"  Countv. 

22.  Tellhwpsis  sahcinarghiata  Conrad,  right  valve  x 1,  Mahantango  forma- 
tion, McCojsvilie,  .Juniata  Countj". 
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23.  Phthonia  nodicostata  (?)  Hall,  left  valve,  fragment  x 1)4)  Trimmers 
Eock  sandstone,  3 miles  north  of  Milford,  Pike  County. 

24.  Orthonota  undulata  Conrad,  left  valve  x 2/3,  Mahantango  formation. 
Board  Kun,  Perry  County. 

25.  O.  parvula  Hall,  right  valve  x 3,  Mahantango  formation,  Selinsgrove 
Junction.  Northumberland  County. 

26.  Palwanatina  typus  Hall,  right  and  left  valves  x 1)4)  “Chemung”,  Yar- 
nell  Brook  Valley,  Tioga  County. 

27.  Olossites  lingualis  Hall,  left  valve,  fragment  x “Chemung”,  east  of 
Charleston,  Tioga  County. 

28.  G.  rudicula  Hall,  left  valve  x 1)4)  “Chemung”,  Cowanesque  Valley, 
Tioga  County. 

29.  San guinolites  suMruncata  Hall,  right  valve  x 2,  Canadaway,  south  of 
Galeton,  Potter  County. 

30.  8.  undulatns  Hall,  left  valve  x 2,  “Chemung”,  Ohiopyle,  Fayette  County. 

31.  Modiella  pygniias  (Conrad),  left  valve  x 2)4,  Trimmers  Eock  sandstone, 
Swatara  Hill,  Schuylkill  County. 

32.  Amnigenia  catskillensis  (Vanuxem),  left  valve  x )4  ‘Chemung”,  Ohio- 
pyle, Fayette  County. 
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ELATE  29 

Middle  and  Upper  Devonian 

GASTEOPODA 

1.  MacrochiUis  liamUtonkie  Hall,  lateral  view,  internal  cast  x 2,  Mahan- 
tango  formation.  Cove  Creek  Valley,  Fulton  County. 

2.  Cyrtolitcs  niitella  Hall,  lateral  view  x 2,  Mahantango  formation, 
Harrisonville,  Fulton  County. 

3.  C.  mitella  Hall,  dorsal  view  x 2,  Mahantango  formation,  Huntingdon, 
Huntingdf)!!  County. 

4.  C.  pileolus  Hall,  dorsal  view,  fragment  x 1,  Mahantango  formation, 
Chaneysville,  Bedford  County. 

5.  Belleroplton  crcnistria  Hall,  dorsal  view,  fragment  x 2,  Mahantango 
formation,  Eichelbergertown,  Bedford  County. 

6.  B.  leda  Hall,  dorsal  view  x I1/2,  Mahantango  formation,  Harrisonville, 
Fulton  County. 

7.  B.  lyra  Hall,  dorsal  view,  mold  x 2,  Onondaga  black  shale,  Pennsyl- 
vania E.  E.,  Newton  Hamilton,  iMifflin  County. 

8.  B.  nactoldes  Clarke  and  Swartz,  lateral  view  x IVg,  Trimmers  Eock 
sandstone,  Juniata  Valley,  east  side.  Perry  County. 

9.  B.  patulus  Hall,  ventral  view  x 1,  Mahantango  formation,  Schells- 
burg,  Bedford  County. 

10.  B.  triradiatus  Hall,  dorsal  view  x 1,  “Chemung,”  Bear  Creek  Valley, 
Tioga  County. 

11.  Biichanopsis  maera  (Conrad),  lateral  view,  fragment  x 2,  Trimmers 
Eock  sandstone,  Harrisonville,  Fulton  County. 

12.  Ectomaria  ecclcsiae  Clarke  and  Swartz,  lateral  view,  fragmentary 
mold  X 3,  Losh  Eun  shale,  west  of  Liverpool,  Perry  County. 

13.  Pleurotontaria  yenwidewa  Clarke,  upper  surface,  mold  x 3,  Harrell 
shale,  Middleburg,  Snyder  County. 

14.  P.  capillaria  Conrad,  lateral  view  x 4,  massive  Tully  limestone,  Sproul, 
Blair  County.  (Photograph  by  G.  A.  Cooper.) 

15.  P.  capillaria  Conrad,  lateral  view,  squeeze  x 1,  Mahantango  forma- 
tion, Huntingdon,  Huntingdon  County. 

16.  P.  capillaria  Conrad,  lateral  view,  cast  x 1,  Mahantango  formation, 
Huntingdon,  Huntingdon  County. 

17.  P.  filitcxia  Hall,  upper  surface,  cast  x 1,  Mahantango  formation, 
Lehighton,  Cai'bon  County. 

18.  P.  itys  Conrad,  lateral  view,  cast  x 1,  Mahantango  formation,  4.8 
miles  north  of  Mausdale,  Montour  County. 

19.  P.  luciaa  (?)  Hall,  lateral  view,  mold  x 2,  Onondaga  black  shale, 
Pennsylvania  E.  E.,  Newton  Hamilton,  Mitilin  Coimty. 

20.  P.  sdlcoinarginata  Conrad,  lateral  view,  cast  x 1,  klahantango  forma- 
tion, south  of  Juniata  Elver  at  Huntingdon,  Huntingdon  County. 

21.  P.  sulcomarginata  Conrad,  upper  surface,  mold  x 1,  IMahantango 
formation,  Eichfield,  Juniata  County. 

22.  Murchisonia  micula  Hall,  lateral  view,  cast  x 4,  Mahantango  forma- 
tion, Eichelbergertown,  Bedford  County. 
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23.  StraiJaroIIns  hccalc  Hall,  lower  surface  x 1,  “Chemung,”  Erie  E.  E. 
near  Tioga,  Tioga  County. 

24.  Troclioiieiiia  lihrufini)  (Hall),  lateral  view,  fragment  x 214,  'I’rimraers 
Eock  sandstone,  north  of  Mausdale,  Montour  Countj". 

2o.  Anoniophul IIS  lu  in  iit issiina  Clarke,  lateral  view,  mold  x 5,  iMarcellus 
shale,  ly,  miles  north  of  Stroudsburg,  Monroe  County. 

26.  Biaphorostoma  Ihieatinn  (Conrad),  upper  view  x 1,  Hazard  paint  ore, 
Palmerton,  Carbon  County. 

27.  D.  liiiefitinii  (?)  (Conrad),  fragment  x 1,  Trimmers  Eock  sandstone, 
.funiata  Valley  east  side.  Ferry  County. 

2*8.  D.  Ihieatinii  (Conrad),  dorsal  view  x 1,  Trimmers  Eock  sandstone, 
Juniata  \'alle3'  east  side,  Fei-ry  County. 

29.  D.  tiirhinatinii  (Hall),  lateral  view  x 1,  Mahantango  formation,  north 
of  Neola,  IMonroe  County. 

30.  Plat  j/ccras  a iiriciihit  inn  Hall,  lateral  view,  cast  x 1,  Mahantango 
formation  ( Skaneateles ) , Itrodhead  Creek  Valley,  Monroe  County. 

31.  conicinn  Hall,  dorsal  view,  cast  x 2,  iMahantango  formation.  Deer 
Lake,  Schu3dkill  County. 

32.  1\  ercctinn  Hall,  lateral  view,  cast  x 1,  Mahantango  formation,  Bar- 
netts Mill,  Ferry  Couiit.v. 

33.  P.  prosseri  (?)  Clarke  and  Swartz,  lateral  view,  cast  x 1,  Trimmers 
Eock  sandstone,  south  of  Eupert,  Columbia  Countj'. 

34.  Plati/stoina  eiia  in  phatoiilcs  (?)  Hall,  lateral  view,  fragment  x 1, 
Mahantango  formation,  Eichtield,  Juni.ata  Countv'. 

3j.  Loj-onenia  lunnill oniac  Hall,  lateral  view,  squeeze  x iy>,  iMahantango, 
north  of  Dalmatia,  Northumberland  Countj'. 

36.  L.  liellona  Hall,  latei-al  view,  cast  x 1,  Mahantango  formation.  Deer 
Lake,  Schujdkill  County. 

« 

37.  L.  Ill  lilt  ipJicata  (?)  Clarke,  lateral  view,  fragment  x 1,  Harrell  shale, 
Chanej'sville,  Bedford  County. 

38.  L.  Ill  lilt  i pi  lea  t a Clark'e,  lateral  view  x 4,  Harrell  shale,  Chanevsville, 
Bedford  Countj’. 

39.  L.  tcrchra  Hall,  lateral  view,  inoki  x 3,  Harrell  shale,  lUiddlebm-g, 
Snyder  Chmntj'. 

40.  L.  noe  Clarke,  lateral  view,  mold  x 3,  Harrell  shale,  Middleburg, 
Snjaler  Count}'. 

41.  Ptiiliolina  flssiircllii  (Hall),  Marcellus  shale,  enlarged.  Black  Vallyy 
Ga^J,  Bedford  County. 

42.  Tciitiiriilitcs  helliiliis  Hall,  iMontebello  sandstone,  enlarged,  Drumgohl, 
Ferry  County. 

43.  T.  helliiliis  Hall,  Mahantango  formation,  enlarged.  Cove  Creek  Valley, 
Fult(jn  County. 

44.  T.  spiciiliis  Hall,  Trimmers  Eock  sandstone,  enlarged,  Lehigh  Eiver 
Valley,  Carbon  County. 
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PLATE  30 

Middle  and  Upper  Devonian 

GASTROPODA  AND  CEPHALOPODA 
GASTROPODA 

1.  Tentuculitvs  spicuhis  Hall,  coquinite  x 2,  Trimmers  Rock  sandstone, 
Juniata  Valley  east.  Perry  County. 

2.  CoHidaria  luidtilata  Conrad,  x IV2,  Onondaga  black  shale,  Pennsyl- 
vania R.  R.,  Newton  Hamilton,  Mifflin  County. 

3.  C.  sp.,  X 3,  Trimmers  Rock  sandstone,  ^leiserville,  Snjder  County. 

4.  Coleohts  teiinicinctus  Hall,  x ly^.  Trimmers  Rock  sandstone,  Fort 
Littleton,  Fulton  County. 

5.  llnoUthus  iicUs  Hall,  x 2,  ^Mahantango  formation.  Oak  Run,  Lycoming 
County. 

G.  H.  neuijolis  Clarke,  x 3,  Harrell  shale,  south  of  Newrj’,  Blair  County. 

CEPHALOPODA 

7.  Orthoceras  aiila.r  Hall,  x ^3,  Trimmers  Rock  sandstone,  Roddy,  Perry 
County. 

8.  ().  constrictuiii  Vanuxem,  x 1,  Mahantango  formation.  South  Danville, 
Northumberland  County. 

9.  0.  exile  (?)  Hall,  x 1,  l^Iahantango  formation,  Reading  R.  R.,  north 
of  Auburn,  Schuylkill  Countj-. 

10.  0.  fihjsum  Clarke,  x 2,  Harrell  shale,  Tatesville,  Bedford  County. 

11.  0.  siihuldt mil  Hall,  x 1,  ^Marcellus  shale.  Blue  Spring,  Juniata  County. 

12.  0.  telamon  Hall,  x 1,  ^Mahantango  formation,  Huntingdon,  Huntingdon 
County. 

13.  Goniphoceras  nasutmn  Hall,  x Chemung,  Blues  Gap,  Bedford 

County. 

14.  G.  pinfjue  Hall,  x ly^,  iMahantango  formation,  Websters  iVIill,  Fulton 
County. 

l.T.  Bactrites  clavus  Hall,  x Vs,  Vlahantango  formation,  Dimmsville, 
Juniata  County. 

16.  B.  (jracilior  Clarke,  x 2,  Harrell  shale,  Saltillo,  Huntingdon  County. 

IT.  B.  aciciiJum  (Hall),  x 1,  Harrell  shale,  Tatesville,  Bedford  County. 

18.  B.  acicuhini  (Hall),  x 1,  Harrell  shale,  Tatesville,  Bedford  Countj'. 

19.  Af/oniatites  exiHinsiin  (Vanuxem),  x 1,  Onondaga  black  shale,  Penn- 

sjTvania  R.  R.,  Newton  Hamilton,  ^lifflin  County. 

20.  Faradisceras  discoideum  (Hall),  x 1,  Marcellus  shale,  Jersey  Shore, 
Lycoming  County. 

21.  Manticocerus  fascicuhitmn  Clarke,  x 1,  Harrell  shale,  Lycoming  Creek 
Vallejq  Lycoming  County. 

22.  21.  patersoni  (Hall),  x 2,  Harrell  shale,  Unionville,  Centre  County. 

23.  ProbeJocerus  Uitheri  Clarke,  x 1,  Harrell  shale,  Tatesville,  Bedford 
County. 
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24.  Cyrtoclymenia  neapoUtana  Clarke,  x 3,  Harrell  shale,  Saltillo,  Hunt- 
ingdon County. 

25.  Spyroceras  crotaluui  (?)  (Hall),  x “Cliemung,”  east  of  Union- 
town,  Payette  County. 

26.  Nephritoceras  Inicinum.  Hall,  x Marcellus  shale,  quarry  at  Strouds- 
burg, Monroe  County. 

27.  Baeopleuroceras  incipiens  J.  S.  Williams,  lateral  view  x 2,  massive 
Tully  limestone,  Curtin,  Centre  County.  (Photograx^h  by  A.  K. 
Miller.) 

28.  B.  incipiens  J.  S.  Williams,  septal  view  x 2,  massive  Tully  limestone, 
Curtin,  Centre  County.  (Photograph  by  A.  K.  Miller.) 

29.  B.  incipiens  J.  S.  Williams,  ventral  valve  x 2,  massive  Tully  lime- 
stone, Curtin,  Centre  County.  (Photograph  by  A.  K.  Miller.) 

30.  B.  incipiens  J.  S.  Williams,  longitudinal  section  x 2,  massive  Tully 
limestone,  Curtin,  Centre  County.  (Drawn  by  A.  K.  Miller.) 
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PLATE  31 

Middle  and  Upper  Devonian 

ARTHROPODA 

1.  Cijphaspis  miniiscula  Hall,  x 1,  Hazard  paint  ore,  Palmerton,  Carbon 
County.  (Photograph  by  L.  IVhitcomb.) 

2.  Coiiolichas  eriopsis  (Hall),  glabella  x 2,  Hazard  paint  ore,  Palmerton, 
Cai-bon  County. 

3.  Acidaspis  calUccra  Hall  and  Clarke,  free  cheek  with  spines  x 2, 
Hazard  paint  ore,  Palmerton,  Carbon  County. 

4.  Bonialonotus  dekai/i  (Green),  cephalon,  fragmentary  x y^,  Mahan- 
tango  formation  (limestone  lense),  Manns  Choice,  Bedford  County. 

5.  H.  dekayi  (Green),  thorax  x Vs,  lilahantango  formation,  Tyrone, 
Blair  County. 

6.  H.  dekayi  (Green),  pj'gidium  x Mahantango  formation,  north  of 
Adamsdale,  Schuylkill  County. 

7.  Phacops  rana  (Green),  x 1,  Hazard  paint  ore,  Palmerton,  Carbon 
County.  (Photograph  by  L.  Whitcomb.) 

8.  P.  rana  (Green),  enrolled  individual  x 1,  Hazard  paint  ore,  Palmerton, 
Carbon  County.  (Photograph  by  L.  Whitcomb.) 

9.  P.  rana  (Green),  enrolled  individual  x ly^,  Mahantango  formation, 
Eriedensburg,  Schuylkill  County. 

10.  P.  rana  (Green),  cephalon  x 1,  Mahantango  formation,  Eriedensburg, 
Schujdkill  County. 

11.  P.  cristata  Hall,  thorax  and  pygidium,  showing  medial  spine  bases 
x 1,  Hazard  paint  ore,  Palmerton,  Carbon  County. 

12.  P.  cristata  var.  pipa  Hall  and  Clarke,  cephalon  x 1,  Hazard  paint  ore, 
Palmerton,  Carbon  County. 

13.  P.  cristata  var.  pipa  Hall  and  Clarke,  pygidium  x 1,  Hazard  paint  ore, 
Palmerton,  Carbon  County.  (Photograph  by  L.  Whitcomb.) 

14.  P.  cristata  var.  pipa  Hall  and  Clarke,  lateral  view,  enrolled  individual 
showing  genial  spine  x 1,  Hazard  paint  ore,  Palmerton,  Carbon  County. 

15.  P.  cristata  var.  pipa  Hall  and  Clarke,  cephalon  x 1,  Hazard  paint  ore, 
Palmerton,  Carbon  County.  (Photograph  by  L.  WTiitcomb.) 

16.  Odontoceplialus  aegeria  Hall,  pygidium  x 1,  Hazard  paint  ore,  Palmer- 
ton, Carbon  County.  (Photograph  by  L.  Whitcomb.) 

17.  Greenops  boothi  (Green),  pygidium  x I1/2,  Mahantango  formation, 
Barnetts  Mill,  Perry  County. 

18.  G.  boothi  (Green),  pygidium  x 1,  IMahantango  formation,  Brodhead 
Creek  Valley,  Monroe  County. 

19.  G.  marylandica  (?)  (Prosser),  pygidium  x Mahantango  forma- 
tion, 4 miles  south  of  New  Bloomfield,  Perry  County. 

20.  G.  bedfordensis  'Willard,  pygidium  x 1,  massive  Tully  limestone,  Imler, 
Bedford  County.  (Photograph  by  G.  A.  Cooper.)  Sjmtype. 

21.  G.  bedfordensis  Willard,  pygidium  x 1,  massive  Tully  limestone, 
Schellsburg,  Bedford  County.  (Photograph  by  G.  A.  Cooper.)  Syn- 
type. 
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23.  Proctus  roiri  Hall  and  Clarke,  fragmentary  cephalon  and  thorax,  x 3, 
Maliantango  formation,  Harnetts  Mill,  Perry  County. 

28.  I'hacthaiiidcfi  gcni  inaciis  Hall  and  Clarke,  pygidium  x 2,  Hazard  paint 
ore,  Palmerton,  Carbon  Coiintj". 

24.  Ceratocaris  heechcri  Clarke,  x 2,  Trimmers  E'ock  sandstone,  1.5  miles 
southeast  of  Wapwallopen,  Luzerne  Countj'. 

25.  Eehiiiocaris  mnltiiwdosa  Whitfield,  x ly^.  Trimmers  Kock  sandstone, 
Analomink,  Monroe  County. 

2G.  E.  punctata  Hall,  x Mahantango  formation,  Peru  Mills,  .Juniata 
County. 

27.  E.  sublaevis  Whitfield,  x 1,  Canadaway,  south  of  Hollenback,  Bradford 
County. 

28.  Rhinocaris  capsella  Hall  and  Clarke,  x 2,  Trimmers  Eock  sandstone, 
14  mile  west  of  Snyders,  Schuylkill  County. 

29.  R.  columbina  Clarke,  x 114.  Chemung,  Mill  Creek,  Huntingdon  County. 

30.  Mesotluira  ocean  i Hall  and  Clarke,  x 2,  Trimmers  Eock  sandstone, 
Girtys  Notch,  Perry  County. 

31.  Stylonurus  shaffneri  Willard,  ambulateral  appendage  x %,  Canada- 
way,  south  of  Galeton,  Potter  County? 
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PLATE  32 

Middle  and  Upper  Devonian 

VEKTEBKATA,  PLANTAE,  PROBLEMATICAL 


VERTEBRATA 

1.  Bothriolei)iis  minor  Newberry,  plate  fragment  x IV3,  Cherry  Ridge 
red  beds  (?),  north  of  Hollenback,  Bradford  County. 

2.  B.  Icsiciii  Newberry,  plate  fragments  x 1,  Cherry  Ridge  (?)  red  beds. 
Mill  Creek,  Tioga  County. 

3.  Holoptijchins  sp.,  scale  x l^i,  Canadaway,  Lambs  Creek,  Tioga  County. 

4.  Apcndiiliis  prisms  Leidy,  spine  x 2,  Conneaut  (?),  east  of  Smethport, 
McKean  County. 

5.  Fish  spine,  undetermined,  x Vi,  Trimmers  Rock  sandstone,  Winfield, 
Union  County. 

PLANTAE 

6.  Arch  aroptrris  ohtnsns  (Lesquereux) , x Vi  Damascus  (?)  red  beds, 
north  of  Ariel,  lYayne  County. 

7.  A.  ohtiiSHS  (Lesquereux),  x Vi*  Damascus  red  beds,  Susquehanna 
County.  « 

8.  A.  haUiuna  (?)  Hall,  x Vi*  Damascus  red  beds,  Susquehanna  County. 

9.  Protolepidodcndron  sp.,  stem  x 54,  Trimmers  Rock  sandstone,  quarry 
at  Newport,  Perry  County. 

10.  lYoody  fragments  in  Brallier  shale,  x 2,  Juniata  Countj'. 


PROBLEMAdTCAL 

11.  Plinnuinria  sp.,  x IVi,  Losh  Run  shale,  Juniata  Valley  east.  Perry 
County. 

12.  Paraniphihius  fridactpliis  Willard,  trail  x 1,  Chemung,  Starrucca 
Creek  Valley,  Susquehanna  County.  Paratype. 
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Amity  shale,  14,  Table  III 
Analomink,  Monroe  County,  263 
Analomink  red  shale,  13,  15,  263, 
295 

correlation,  295,  307,  Table  XXX 
distribution,  295,  Figs.  72,  74 
type  locality,  295 


Andreas,  Carbon  County,  Heidel- 
berg near,  56,  60 

Anthracite  Fields,  11,  255,  280,  Figs. 
72,  74 

Middle  Devonian,  136 
Upper  Devonian,  209 
Antioch  College,  8 
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Bowman>stown,  Carbon  Oouirty 
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Onondagh,  151 
Oriskany,  107 
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Bradfordian,  20,  242,  254 
Bradford  oil  field,  10,  242 
Brallier  shale,  136,  201,  210,  Tables 
I,  V,  VI 
character,  216 

correla^tion,  217,  237,  312,  Figs.  65, 
93 
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Hamilton,  Fig.  40 
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Cus.ha<iua  shale,  239 
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10,  23,  34, 

92, 

133,  138, 

142,  153, 

162, 

176, 

180, 

182,  197, 

206,  212, 

380, 

381, 

437, 

Chap.  Ill 

(See  Willard) 

Cleland,  II.  E.,  161,  437 
“Cliff  limestone,”  5 
Clifton  Forge,  Va.,  73 

Helderberg,  69,  Figs.  15,  16, 
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detailed  section,  340 
Onondaga  probably  absent,  143, 
149,  Fig.  30 
Oriskany,  97 
Portage,  Fig.  65 
Tully,  225,  226,  Fig.  93 
Columnar  sections,  331 
Complementary  facies,  '237  (See 
Brallier  and  Trimmers  Rock) 
Concretions,  173,  175,  Fig.  42 
Conemaugh  gorge 

Upper  Devonian,  250,  260,  268 
Conewango  group,  20,  240,  253,  278, 
Tables  I,  III,  XXVII,  Chap.  VII 
character,  distribution,  thick- 
ness, 253 

correlation,  253,  311,  Table 

XXXII 
fauna,  253 
gas  and  oil,  28 
relations,  253,  255,  256 
Conglomerates,  303,  311,  333,  373, 
Fig.  85  (See  Catskill  conglomer- 
ates, Knapp,  etc.) 
flat-  and  round-pebble,  301 
Conglomerates  and  orogeny,  373 
Conneaut  group,  240,  245,  252,  278, 
Tables  I,  II,  XXVII,  Chap.  VII 
correlation,  307,  311,  Table 

XXXII 

distribution,  thickness,  253 
fauna,  lithology,  252 
relations  and  limits,  252 
Connelly  conglomerate  (Oris- 
kany), Fig.  14 
Cionrad,  T.  A.,  287,  437 
Continental  off-lap  (See  Catskill 
off-lap) 
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Continental  Middle  Devonian 
(Hamilton)  (See  Knobsville  con- 
tinental beds) 

Continental  Upper  Devonian  (See 
Catskill) 

Portage  (Oneonta),  20(3 
Continental  Upper  Devonian  of 
northeastern  Pennsylvania,  276, 
Figs.  72,  74 

Coioper,  G.  A.,  iv,  41,  95,  110,  138, 
161,  200,  262,  437 
Hamilton,  63,  132,  137,  161 
Mai’cellus,  167-169 
Tully,  13(5,  137,  177,  203,  228,  231, 
236 

Coquinite,  167,  251,  297,  298  (See 
Luthers  Mills,  limestone,  etc.) 
Coral  reefs  (Middle  Devonian),  132, 
Fig.  43 

Coral  subzone  (Keyser),  Table  X 
Corniferous  limestone,  5,  131,  132 
Cornwall,  England,  1 
Cornwall  member  (shale),  138,  262 
Coralline  limestone,  Tables  VII,  XI 
Correia tiions,  311,  331,  Ta.ble  XXXII, 
Chap.  IX,  Figs.  17,  29,  36,  40,  64, 
65,  70,  74,  84,  87,  88,  89,  91,  93,  95 
(See  also  Helderberg,  Coeymans, 
Keyser,  New  Scotland,  Mahan- 
tango,  Oriskany,  Eidgeley,  Shri- 
ver,  Hamilton,  Marcellus,  Port- 
age, Catskill,  etc.) 

Correlation,  methods  of,  30i8,  369, 
Chap.  IX,  Fig.  94 
lithology  and  paleontology,  30(8, 
311 

paleontology,  30i8,  309 
Correlation,  sections 
eastern  series,  314 
northern  series,  325 
Coudersport  member,  287,  288,  302, 
Fig.  84 

Co'rry  sandstone,  242,  Tahle  XX\HII 
Cove  Mountain  member  (Pocono), 
280 

Cove  Mountain,  physiographic  ex- 
pression, 23 
Crawford  County 

Upper  Devonian,  Table  XXVII 
Craw'ford  formation,  Table  XXVIII 
Crushed  stone  (See  Building  stone) 
Cove  Creek  Valley 
Parkhead,  249 

Cuba  sandstone,  251,  252,  278, 

Tables  III,  XXVII 
correlation,  300,  311,  Table 

XXXII 

"‘Cubokles”  zone,  207 
Cumberland  City  reservoir 
Oriskany,  102,  120 
Cumberland,  Maryland 

Helderberg,  Tables  XIII,  XIV 
Shriver,  100 


Curtin,  72 

Coejunans,  53 

Tully,  222,  Tables  XXIV,  XXV, 
Fig.  58 

Cussewago  shale  and  limestone,  20, 
Table  XXVI 
Cycle,  sedimentary 
‘Portage,  235,  236,  237,  Fig.  64 
Cuclopterus  fauna.  Table  XVII 
Cypliotrypa  corrugata  subzone. 
Table  X 

Cystid  subzone  (Keyser),  Table  X 
D 

Dahler,  G.,  445 
Dalhousie  beds,  65 
Dalmanella  clarki  (Subzone,  Table  X 
Dahnanites  dentatus  zone,  32,  33, 
50,  64,  71,  72,  73,  93,  94,  Table 
XVII,  Fig.  15 

Dalmatia,  Northumberland  County 
Helderberg,  34,  51,  53,  Table  VIII 
Marcellus,  174 
Oriskany,  126,  Fig.  29 
Dalmatia  section.  Pig.  40 
Damascus  red  beds.  Tables  II,  V 
correlation,  291,  307,  Table  XXXII 
distribution,  291,  292,  Figs.  72,  74 
thickness,  291,  Table  XXXI 
type  locality,  291 
Dana,  J.  D.,  161 
Danville,  Montour  County 
Oriskany,  105,  125,  Fig.  29 
Darrah,  W.  C.,  281 
Darton,  N.  H.,  141,  437 
Dauphin  County,  11  (See  Susque- 
hanna Eiver  section,  lower) 
Catskill,  259 
Chemung,  247 
correlation,  Fig.  93 
detailed  section,  342,  Ta(ble  V 
Hamilton,  165,  Figs.  3(8,  40 
Marcellus,  197 
Middle  Devonian,  139 
Onondaga  partly  absent,  143 
Decker  Ferry,  Monroe  County,  89, 
Fig.  17 

Decker  Ferry  section  (Helderberg), 
89 

Decker  formation,  39 

clastic  in  Monroe  County,  38,  Fig. 
17 

Decker  (Decker  Ferry)  limestone, 
etc.,  37,  38,  42,  44,  52,  91,  Tables 
VIII,  XII 

correlation.  Tables  XI,  XII,  XIII, 
XIV 

Deep  Eun  shale,  137,  139,  183 
fauna,  183 

Deer  Lake  (Hamilton),  179 
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De  La  Beche,  1 

Delago  quarry  (Oriskany),  106, 
128,  Fig.  25 

Delaware  Creek  section,  174,  Fig. 
40 

detailed  section,  347 
Delaware  Kiver  flags,  263,  265, 

Tables  II,  V 

correlation,  307,  Table  XXXII, 
Figs.  80,  93  ; with  Oneonta,  295 
distribution.  Figs.  72,  74 
flagstone,  27 
lithology,  295 

physiographic  expression,  25 
relations,  294,  295 
thickness,  295 
Delaware  Valley 

Oatskill,  263,  294,  305.  Tables 
XXIX,  XXXI,  Figs.  70,  80 
Middle  Devonian,  136,  138,  209, 
237 

Delaware  Water  Gap,  5 
Delphi  member,  137,  138,  166,  179, 
180,  Table  V 

Delta  lobes  (Catskill),  271,  273, 
Fig.  71 

deflection,  275 

Belthyris  shaly  limestone.  Table 
VII 

Delville  beds.  Table  V 
Devils  Backbone,  Maryland,  42,  Fig. 
17 

Descent  of  the  red  beds.  Table 
XXIX 

Description  of  Plates,  382 
Detailed  sections,  334 
Devonian  correlations,  311  (See 
correlations) 

Helderberg-Keyser,  73 

Middle  and  Upper  Devonian,  334 

Oriskany,  119 

Devonian  cycle  in  Pennsylvania, 
369,  378 

Devonian,  deflned,  1,  2 
Devonian 

economic  aspect,  25,  26,  28  (See 
Chapter  II) 

environment,  362,  365,  366  (See 
Climate) 

generalized  sequence.  Tables  I, 
II,  III,  IV,  V,  VI 
life,  365,  381 
limits,  19,  21 

Devonian-Mississippian  contact,  20, 
242,  250,  253,  282,  283,  312,  Table 
XXXII  (See  Bradfordian) 
hiatus,  268,  280,  303,  Table  XXXI, 
Figs.  74,  84 

Devonian  orogeny,  373 
Devonian  subdivisions.  Tables  I-VI 
Devonian  tj^pe  region,  1,  2 
Devonian  sj'stem,  areal  distribu- 
tion, 11,  Fig.  5 


Devonian-Silurian  boundary,  47-49, 
116 

Devonshire,  England,  1 
Dexterville,  shale.  Table  IV 
Dickeys  Mountain,  105 
Diastrophism,  364,  367,  372 
d’lnvilliers,  E.  V.,  142,  437,  Table 
VIII 

Disconformity 

Devonian-Mississippian.  250,  253, 
256,  280,  282.  283,  303,  Tables 
XXVIII,  XXXII 

Middle-Upper  Devonian,  164,  208, 
209,  220,  221,  236 
Mississippian  - Pennsvlvanian, 
Table  XXVIII 
Onondaga-Marcellus,  149 
Oriskanv-^Onondaga,  Tables  XX, 
XXI 

Oswayo-Cattaraugus,  Fig.  77 
Drevermann,  F.,  445 
Dunbar,  C.  O.,  47,  55,  62,  95,  201, 
437  (See  Schuchert) 

Dunkirk  shale,  249,  251,  311,  Tables 
IV,  XX’iTI 

Dunning  Creek  Valiev 

Tully,  222,  Tables  XXIV,  XXV 
Dvberry  glomerate,  286,  Tables  II, 
XXX 

E 

Eastman,  C.  E.,  380*,  437 
Eaton,  Amos,  93 

Economic  geology  (See  Devonian, 
economic  aspect) 

Ehlers,  G.  IM.,  380,  438 
Eichelber  gert  own 

Tully,  Tables  XXIV,  XXV 
Eicihelbergertown  section,  324, 
Figs.  86,  90 
Elbow  Eidge,  53 
Elk  County,  225 

Elk  Mountain  sandstone,  20,  283, 
287,  288,  302,  307,  Tables  II,  V, 
Fig.  84 

correlation,  255,  Table  XXXII 
distribution,  283,  304,  Figs.  72,  74 
flagstone,  27 
lithology,  283,  Fig.  73 
physiographic  expression,  23 
relations,  283 

thickness,  283,  Table  XXXI 
type  locality,  283 
Eller,  E.  E.,  380,  437 
Ellicott  shale.  Tables  IV,  XXVII 
Emmons,  Ebeneezer,  2 
Emsian,  117 

Enfield  shale,  203,  239,  247 
Entricken  section,  344 
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Eospirifer  macropleurus  zone, 
Tables  XIII,  XIV,  Fig.  15 
Epeiric  sea,  363 
Epilogue,  377 

Erian  stage.  Chap.  V,  161,  162 
Erie  County,  11,  Table  XXVII 
“Portage”  of  I.  C.  White,  Fig.  67 
Esopus  shale  (grit),  52,  108,  130- 
132,  134.  138,  139,  141,  144,  Tables 
I,  V 

contacts,  144,  145,  Fig.  36 
correlation,  154,  Figs.  36,  93 
distribution,  145 
fauna,  146,  Table  XXII 
geologic  history,  370 
lithologyy  145,  146,  Fig.  31 
Onondagan,  not  Oriskanian,  134, 
135,  145 

physiographic  expression,  25,  145 
relations,  145 
European  correlations 
Guboides  zone,  207 
Oriskany,  Table  XVII 
Everett,  Bedford  County 
Burket,  219 
silica,  27 

Everett-Juniata  Eiver  section,  336 
Everett  section,  323,  Figs.  86,  90 
Experiment  Mills  (See  Minisink 
Mills) 

F 

Facies  shift.  Portage,  213,  255,  236, 
237,  311,  Pigs.  64,  65,  93,  95 
Catskill,  258,  290-292 
Portage-Ohemung,  248,  249 
Facies,  use  of  term,  379 
Fall  Creek  conglomerate,  249,  251, 
300,  Table  XXVII 
Falling  Springs,  Perry  County,  34 
Helderberg,  57,  67 
Oriskany,  i05,  128,  Fig.  29 
Falling  Springs  sandstone,  83 
Favosites  helderherga'  var.  prarc- 
dens  subzone,  42,  48,  Tables  X, 
XII 

Fawcetts  Gai^,  Va. 

Helderberg  group.  Fig.  17 
Fayette  County,  12 
Catskill,  260,  268,  Table  XXIX, 
Fig.  70  (See  Ohiopyle) 
marine  Devonian,  250' 

Fettke,  C.  E.,  9,  10,  98,  151,  225,  242, 
278,  438 
Oriskany,  93 
Fiddlers  Eun,  225,  226 
First  Pennsylvania  Geological  Sur- 
vey (See  Pennsylvania  First  Geo- 
logical Survey) 

Fish,  habits,  286,  287 
n'agstone,  26,  297,  Fig.  81 
Flatiron  coquinite,  14,  278 
Flower,  E.  H.,  438 
FoO'Se,  E.  M.,  445 


Forest  County,  11 
Forks  of  the  Susquehanna,  142, 
Table  V (iSee  Selinsgrove  Junc- 
tion) 

Fort  Hunter  sandstone,  138,  139, 
164,  166,  180,  Table  V,  Fig.  38 
fauna,  182 

type  locality  and  character,  180 
Fort  Littleton  formation,  201,  210, 
237,  Tables  I,  V,  VI 
tjq>e  locality,  201 
Fourth  District  (New  York),  2 
Fourth  Pennsylvania  Geological 
Survey  (See  Pennsylvania  Topo- 
graphic and  Geologic  Survey) 
Foxtown  Gap,  ^Monroe  County,  146 
Frame  shale,  140,  191 
Franldin  County  (See  Warren 
Point) 

Helderberg,  51,  53,  69,  85,  Table 
XIV 

Oriskany,  97,  105,  126,  200 
Franklindale,  Bradford  County, 
251,  289 

Franklindale  limestone,  298-300 
Frog  jMountain  sandstone,  95, 
Table  XVII 
Fuchs,  A.,  445 

Fuller,  M.  L.,  283,  287,  438 
Cattaraugus,  287 
Fulton  County,  12 
Catskill,  259 
Chemung,  247,  248 
correlation.  Fig.  93 
detailed  section,  324 
Hamilton,  Fig.  40 
Helderberg,  54,  66,  68 
Keyser,  35,  37 
Marcellus,  143 
Middle  Devonian,  140 
Onondaga,  149,  150 
Oriskany,  96,  faulted  out  locally, 
105 

Parkhead  sandstone,  210,  249 
physiography,  25 
Portage,  201,  207,  209,  Fig.  65 
Tully  absent,  221 
Fulton  delta  lobe,  273,  Fig.  71 

G 

Gander  Eun  shale,  140.,  175,  191 
Gardeau  flags,  203 
Garland  conglomerate,  Table 
XXVIII 

Gaspe  sandstone 

correlations,  55,  62,  94,  116, 

Table  XVII 

Gaspensis  fauna,  116,  117,  Table 
XVII 

Geikie,  Archibald,  438 
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H 


Genesee  group,  201,  203 
Genesee  member  (Maryland),  204, 
238 

Genesee  Elver  gorge,  251,  Fig.  50 
Genesee  shale  (“slate”),  5,  8,  131, 
132,  1:2,  203,  218,  219,  239,  266 
(See  Burket  shale) 

Genesee  shale,  131,  204,  218,  Table 

XXVI 

Geologic  history,  362,  Chap.  X 
Geologic  map  of  Pennsylvania,  197, 
438 

Geomorphology  (See  physiographic 
expression) 

Georgia 

Oriskany,  95,  Table  XVII 
Geosyncline,  Appalachian,  366,  367, 
37^  374,  378 

Girard  formation,  252,  Tables  IV, 

XXVII 

Girard  shale,  14,  244,  278,  Table  IV, 
XXVII 

Girty,  G.  H„  254,  438 
Glaciation,  Portage,  232,  233,  234 
Glass  sand  (Oriskany),  27,  92,  93, 
98,  Fig.  19 

Glenerie  limestone,  93,  110,  116, 

Tables  XVI,  XVII,  Fig.  28 
Glenn,  L.  C.,  241,  438 
Godfrey  Eidge,  supported  by  Eso- 
pus,  25 

Esopus,  145,  Fig.  31 
Onondaga,  144 
Oriskany,  98,  107 
Goldring,  Winifred,  iv,  47,  55,  137, 
161,  238,  438,  Table  VII 
Gothan,  W.  (See  Jungmans) 
Gowanda  beds,  251,  Table  IV, 
XXVII 

Grabau,  A.  W.,  44,  178,  438 
Grande  Greve  limestone,  94,  116, 
Table  XVII 
Graywacke.  1 

Green  Pond  ^Mountain,  X.  J. 
Catskill,  261,  Fig.  70 
Hamilton  group,  Fig.  40 
Middle  Devonian,  138 
Gregory,  W.  .1.,  3,  438 
“Grey  Brachiopodous  Sandstone,” 
93 

Griswold  Gap  conglomerate,  255, 
282,  Tables  II,  XXX,  Fig.  72 
basal  Mississippian,  280 
Ground  water,  28 
Grovania,  34,  67  (See  Dalmatia) 
Guide  fossils,  308 
Gypidula  coeymanensis  fauna,  35 
zone.  Tables  XIII,  XIV 
Gypidula  coeymanensis  var.  sub- 
zone, Table  X 


Haragan  marl,  62 
Half  Falls  Mountain,  23,  Fig.  48 
supported  by  Montebello  sand- 
stojie,  23 

Hall,  James,  2,  29,  47,  141,  161,  167, 
203,  232,  241,  245,  246,  438,  439, 
Table  VII,  Fig.  49 
Hamilton  formation,  132 
Hamilton  group,  5,  8,  131,  138-140, 
161-163,  Chap.  V,  Tables  I,  IV,  V, 
VI 

correlations,  133,  333,  Table 

XXIX,  Figs.  40,  93 
definition,  161 

distribution,  162,  163,  Fig.  37 
divisions,  133,  134,  165 
economic  aspect,  26,  28 
facies,  163 

Hamilton-Catskill  relations  (X. 

J.),  262 
Maryland,  138 
Xew  Jersey,  138 
Xew  A"ork,  137,  161 
physiographic  expression,  23,  25 
summary,  200 
type  locality,  161 
usage  in  Pennsylvania,  162,  163 
Hancock,  Maryland,  33,  69  (See 
Pa's\’paw-Hancock  area) 

Harding,  D.  S.,  iv,  296,  297 
Harrell  shale,  210,  237,  Tables  I,  V, 
VI,  Fig.  53 

correlation.  Table  XXVI,  Figs. 
65,  93 

definition,  206 
distribution,  218,  Fig.  65 
geologic  history,  372 
relations,  thickness,  218,  Fig.  65 
Harriman  novaculite,  95,  110,  117 
Hartnagel,  C.  A.,  44,  47,  439,  Table 
XI 

Haught,  O.  L.  (iSee  Price) 

Hawks  Xest,  X.  Y. 

Delaware  Eiver  flags,  295,  Fig.  80 
Hawley,  Wayne  County,  292 
Hazard  paint  ore,  26,  139,  151,  155, 
Tables  V,  XXI,  Fig.  36 
fauna,  151,  Table  XXII 
Helderberg  group,  10,  21-23,  29,  47, 
50,  120,  12i  130,  Tables  I,  V-VIII, 
Fig.  17,  Chap.  II 

correlations,  35,  313,  332,  Chap. 
II,  Tables  XIII,  XIV,  Fig.  93, 
Maryland,  33;  Xew  Jersey,  32; 
Xew  York,  31 
distribution,  30,  Fig.  7 
economic  aspect,  27,  28 
fauna.  Pis.  3-7 
geologic  history,  369 
Maryland,  30,  33 
Xew  Jersey,  30 
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New  York,  29,  31,  50' 
physiographic  expression,  23 
relations,  50-,  71,  98,  Tables  XIII, 
XIV 

sections,  73,  76,  80,  82,  85,  87,  89 
use  of  term,  29 

Helderberg’  Mountains,  N.  Y.,  29,  44 
Hempfleld  shale.  Table  XXVIII 
IIercyni(B,  Table  XVII 
Hercynce  fauna,  117 
Hickok.  W.  ().,  IV,  445 
Highland  Mills,  N.  Y. 

Oriskany,  65,  71 
Hill,  F.  A.,  142,  439 
Hipparionyx  fauna,  93 
Historical  geology  (See  Geologic 
history) 

Holden,  K.  J.,  69,  439 
Hollidaysburg,  Blair  County,  72, 
Pig.  17 

Helderberg,  53,  57,  67 
Oriskany,  Fig.  29 

Hollidaysburg  section,  73,  Figs.  17, 
22 

Hollowing  Eun  section,  206,  267 
Honesdale  sandstone.  Tables  II,  V 
confused  with  Pocono,  304 
correlation,  252,  289,  290,  291,  307, 
Tables  XXX,  XXXII 
distribution,  289,  304,  Pigs.  72, 
74 ; forms  Pocono  Plateau 
scarp,  289,  304 
economic  aspect,  27 
fauna,  289,  290 
lithology,  288,  289,  290,  302 
physiographic  expression,  23,  289 
type  locality,  288 
Honesdale,  Wayne  County,  288 
Horseshoe  Curve  section,  247 
Hudson  Valley,  37,  369 
Catskill,  262 

Huntersville  chert,  94,  95,  117 
Huntingdon  County,  12  (See  Hunt- 
ingdon section ) 

Catskill,  259,  267,  Table  XXIX 
Chemung,  Fig.  92 
correlation.  Fig.  93 
Hamilton,  193,  Pig.  40 
Helderberg  (and  Keyser),  37 
ice,  232,  234,  Figs.  62,  63 
Marcelluis,  175 
Onondaga,  142 

Oriskany,  98.  101,  104,  105,  123, 
127,  Fig.  20 
Parkhead,  211 
physiography,  25 
Portage,  207,  Fig.  65 
sections  326,  344,  345,  Figs.  40, 
70,  86,  90 
silica,  27 

Tully  absent,  222 
Hyndman,  Oriskany,  101,  109,  119, 
Fig.  21 

Hypothyridina  beds,  177 


1 

Ice  (See  Portage  climate) 

Illinois,  Oriskany,  95,  Table  XVII 
Imler,  Bedford  County 

Tully,  222,  Tables  XXIV,  XXV 
Index  fossils,  310 
Indiana  County,  12,  260 
International  Geological  Congress 
(iSee  Sixteenth  International  Con- 
gress) 

Inwood  sandstone.  Fig.  17 
Iron  carbonate,  26 
Iron  ore,  26,  168,  Fig.  83 
correlations,  299,  300 
Isostatic  adjustment,  364 
Ithaca  fauna,  135,  203,  212,  213,  238, 
Table  XXVI 
Ithaca  shale,  203 

J 

Jemison  chert,  95,  Table  XVII 
Jennings  formation,  204,  238,  247 
Jersey  Shore 
Helderberg,  54 
Marcellus,  175 
Oriskany,  122 

Tully,  222,  Tables  XXIV,  XXV, 
Pig.  59 
Johnstown 

Upper  Devonian  (and  Catskill), 
250,  268,  Table  XXIX,  Fig.  70 
Jonas,  A.  I.  (See  Stose,  G.  W.) 
Jungmans,  W.  J.,  439 
Juniata  College 

Marcellus  on  campus,  175 
Juniata  County,  11 
Catskill,  267 
Hamilton,  Pig.  40 
Marcellus,  174,  197 
Aliddle  Devonian.  140 
Onondaga,  Fig.  33 
Oriskany,  104,  108 
physiography,  23 
Portage,  207 
section,  347 

Juniata  Eiver  (lower)  section,  321, 
Figs.  53,  86,  88,  89 
Juniata  Valley,  11,  12,  Frontispiece, 
Figs.  48,  52,  53  (See  Half  Falls 
Mountain) 

Catskill,  267 
Hamilton,  195,  Fig.  39 
Oriskany,  98,  104 
Portage,  212,  217,  218,  Pigs.  52, 
53 

Tully,  225 

Juniata  Valley  east,  section,  353 
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K 

Kalkberg-  limestone,  55,  58,  60,  88, 
90,  Tables  XIII,  XIV,  Fiq-s.  11, 
12,  17 

Monroe  County,  Table  XIII 
Xew  Jersey,  Tables  XIII,  XIV 
Xew  York,  Table  XIII 
Kanouse  formation,  138,  262 
Keyser  limestone,  22,  23,  29,  52,  75, 
78,  80,  83,  Tables  IX,  X,  XIII, 
XIV,  Chap.  II,  Figs.  8,  9 
age  and  classification,  47 
boundaries,  39,  Tables  XIII,  XIV, 
Fig.  9 

correlation,  22,  23,  35,  47,  48,  49, 
Tables  X,  XI,  XII,  Fig.  8 
distribution,  39,  Figs.  7,  10,  17 
economic  value,  40 
fauna,  41,  42.  43,  47,  coral  reef. 
Table  X,  Pis.  1,  2 
faunal  zones.  Table  X;  Favosites 
7iehlcrhcr[ii(E  var.  praccdeiis 
zone  41 ; Clionetes  jerseyensls 
zone  41 

lithology  and  members,  37,  38,  39, 
Figs.  8,  9 

Maryland,  34,  Tables  IX,  X 
New  Jersey,  43,  Table  XI 
New  York,  44,  Table  XI 
relations,  35 
sections,  73 
thickness,  39,  Fig.  10 
West  Virginia  and  Virginia,  43, 
Table  X 

Keyser  limestone  and  Helderberg 
sections,  73 
Keyser,  W.  Va.,  33 
Kinderhook  group.  Table  XXVIII 
Kindle,  E.  M.,  9,  132,  206,  267,  298, 
299,  380,  439  (See  Williams,  H. 
S.) 

Onondaga,  142 
Tully,  220 

Kings  Mill  sandstone,  292,  Table  V 
Kingsley  red  shale.  Tables  II,  XXX 
character  and  distribution,  296 
correlation,  299 

thickness  and  type  locality,  296 
Kingston  sihale,  30,  Table  VIII 
Kingston,  N.  Y.,  50,  62,  Tables  XI, 
XIII,  Fig.  14 
Kirk,  Edwin,  232,  439 
Knapp  conglomerate,  20,  21,  253, 
256,  278,  301,  Tables  II,  IV, 

XXVII,  XXVIII,  XXXII,  Figs. 
73,  74,  84,  85 
correlation,  280 
Knapp  shale,  244 

Knobsville  continental  beds,  141, 
199,  300,  Fig.  40 
Knobsville  section.  Fig.  40 
Konieprusian  fauna,  22 


Kiimmel,  H.  B.,  138,  262,  493  (See 
Lewis) 

Kunkletown,  Monroe  County 
Helderberg,  34,  56,  58 
Oriskany,  107 

white  clay  quarries.  Fig.  13 
Kushequa  shale,  256,  278,  Tables  II, 
XXVII,  XXVIII 

L 

Lackawanna  Basin  (syncline) 
Catskill,  278,  Figs.  72,  74 
physiographic  expression,  23 
Lackawanna  County 

Catskill  259,  Figs.  72,  74 
Lackawaxen  conglomerate,  299 
Lanesboro  member.  Tables  II,  XXX 
Laona  sandstone,  251,  Tables  IV, 
XXVII 

Larrys  Creek  section,  329,  Figs.  86, 
91 

Tully,  228,  Tables  XXIV,  XXV, 
Fig.  55 

Larrys  Creek  Station,  Lj’coming 
Countv 

Tully,''  228,  Tables  XXIV,  XXV, 
Fig.  55 

Laurel  Hill,  250,  268  (See  Johns- 
town, Conemaugh  gorge,  etc.) 
Laurens  member,  135,  177,  208,  214, 
236,  Tables  V,  XXIV 
correlation.  Fig.  93 
faunule,  136,  214,  Table  XXV 
Lebanon  Bay,  369,  Fig.  46 
Lebanon  County  (See  Swatara 
Gap,  Swatara  Creek  section) 
Catskill,  259 
Hamilton,  Fig.  40 
Onondaga,  147 
section.  Fig.  93 

LeBoeuf  conglomerate.  Table 
XXVII 

Leggette,  R.  M.,  28,  439 
Lehigh  River  section,  317,  Table  V, 
Figs.  86,  87 
Hamilton,  Fig.  40 
Lehigh  University  collections,  151 
Lehigh  Valley  (River) 

Catskill,  260,  263,  284,  291,  295, 
Table  XXIX,  Fig.  70 
Hamilton,  177 

Onondaga,  142,  144,  145,  151,  171 
paint  ore,  26  (See  Hazard) 
Portage,  209 
Tully,  225 

White’s  section,  264 
Winslow’s  section,  265 
Lehman,  George,  4 
Leighton,  Henry,  101,  439 
Lemon,  Wyoming  County,  297 
Leperditia  scalaris  subzone,  42,  43, 
44,  47 

Leperditia  subzone.  Table  X 
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LeRavsville,  Bradford  County,  298 
Leslej^  J.  P„  7,  8,  131,  133,  205,  240, 
portrait.  Fig'.  2 
Marcellus,  167,  168 
Onondaga,  142 
Pocono,  304 

Silurian-Devonia'a  boundary,  31, 
22 

Les(|uereux,  Leo,  281,  440 
Letehwortli  Park,  X.  Y,,  Figs.  49,  50 
Letter  of  transmittal,  iii 
Leverett,  Frank,  440 
Lewis,  J.  V,,  440  (See  Kummel) 
Lewistown  limestone.  Table  VIII 
Lewistown,  Mifflin  County 

Helderberg,  67,  72,  Table  XIII 
Oriskany,  Fig,  33 

Licking  (ireek  limestione,  63,  69, 
Table  XIV,  Figs,  16,  17  (See  Be- 
craft.  Long  Dale) 
boundaries,  71 

cori'elations  (called  Becraft),  69, 
71,  Table  XIV,  Fig.  17 
distribution,  69,  70,  Figs.  16,  17 
economic  value,  fauna,  71 
lithology,  thickness,  70 
relations  and  type  locality,  69 
Lillibridge  sandstone,  243 ; Tables 
IV,  XXVII 
Lime,  27,  298 

Limestone  (See  coquinite,  Ilelder- 
berg,  Onondaga,  Tully,  etc.) 
Franklindale,  298,  300 
Hamilton,  167,  Fig.  39 
Limits  of  Devonian,  19 
Liurh !/iich  i(S  fauna.  137,  167 
Liorhi/iichiis  (jlohuUforme  zone,  204 
Little  Fishing  Creek 
Tully,  325,  226 
Little  Gap 

Oriskany,  98,  100,  107,  129,  Fig. 
29 

Little  Juniata  Creek  section,  357 
Little  iMountain  (Dauphin  and 
Perry  Counties).  23 
Montebello  sandstone  supports, 
33 

Little  Saline  limestone,  95,  117 
Littleton  formation,  94,  116,  Table 
XVII 

Lock  Haven,  Clinton  County,  142, 
Table  VI 

Catskill,  267,  301,  Fig.  84 
Chemung,  347,  249,  301 
Tully,  222 

Lockport,  Clinton  County 

Tully,  332,  Tables  XXIV,  XXV, 
Fig.  61 

Lockport  section,  339 
Lohman,  S.  W.,  28,  440 
Long  Dale  limestone,  69  (See  Lick- 
ing Creek,  Becraft) 

Long  Dale,  Va.,  69,  Fig.  16 
Lonsdale,  W.,  1 


Losh  Pun  shale,  201,  206,  210, 

Tables  I,  V 

character,  datum,  type  locality, 
215 

correlation,  239,  312,  Table  XXVI, 
Fig.  65 

fauna,  315,  316 
thickness.  Fig.  65 
Lower  Devonian,  10,  22,  Tables  I,  V, 
VI.  XIII,  XIV,  Chapters  I,  II, 
III 

fauna.  Pis.,  1-14 
redefined,  378 

Lower  Helderberg,  6,  22,  29,  33,  47, 
Tables  VII,  VIII 

Lower  Pcntanierus  limestone.  Table 
VII 

Loyalsock  Creek 
Catskill  coal,  26 
Loysville,  Perry  County 
Oriskany,  105 

Ludlowville  faunal  facies,  138,  139, 
166,  178,  179,  184,  185,  312,  Tables 
I,  V,  XXII 1 

Ludlowville  formation,  133,  137,  176 
New  York,  161,  162 
Luther,  D.  D.,  170' 

Luther  Mills  coqiiinite,  251,  291,  397, 
298,  Tables  II,  XXX 
correlation,  298,  Table  XXX 
lime,  27 

Luzerne  Bay,  271,  Fig.  71 
Luzerne  County,  11 

Catskill,  259,  267,  Table  XXIX, 
Figs.  72,  74 
Chemung,  247 
Onondaga,  143,  149 
Portage,  Fig.  65 
Tully,  225 

Lycoming  County,  11,  13  (See  Pine 
Creek,  Larrvs  Creek) 

Catskill,  36,'' 259,  302 
Coeymans  limestone,  54 
Mahantango,  194 
Marcellus,  175 
Onondaga,  147 
Oriskany,  96,  103 
Portage,  218,  Fig.  65 
section.  Fig.  93 

Tully,  220, ‘'322,  225,  Table  XXIV, 
Figs.  55,  61 

Lycoming  Creek  valley.  Fig.  69 
M 

Maclure,  W.,  257 

McCoysville  section,  174,  197,  Fig. 
40 

McKean  County,  11,  Table  III 
Catskill,  360,  287,  301,  Table  III, 
XXIX 

Conneaut,  352,  253 
Oswayo,  283,  Tables  XXXI, 
XXXII 
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McVeytown 

Oriskany,  27,  104,  124,  Fig's.  24,  29 
Machias  beds,  2.51 
Mahanoy  shale,  172,  17,3,  195,  Table 
V 

Mahantango  formation,  133,  134, 
176,  180,  181,  312,  Tables  I,  V,  VI 

Allegheny  Front,  190,  191 
character,  134,  184 
correlation.  Fig.  93 
distribution,  134 
divisions,  165,  184,  Fig.  40 
fanna.  134,  182,  183,  184,  Table 
XXIII 

geologic  history,  371 
lithology,  134,  Figs.  39,  44,  45 
(See  Rockville,  Fort  Hunter, 
Montebello  sandstones) 
thickness,  134,  191,  Fig.  40 
type  locality,  134 

Mahantango  formation,  continen- 
tal beds,  199,  200  (See  Knobs- 
ville) 

Maillieux,  E.,  445 
Maine,  9 

Ilelderberg,  65,  71,  117 
Oriskany,  94,  116,  Table  XVII 
Mandata,  Xorthumberland  County, 
60,  65,  72,  Fig.  17 
iMandata  section,  80 
Mandata  shale  and  chert,  58,  65,  72. 
74,  77,  80,  82,  86,  104,  109,  Tables 
V,  VI,  XIII,  XIV,  Fig.  17 
boundaries,  66,  71 
correlation,  68,  Tables  XIIT,  XIV, 
Fig.  17 

distribution,  66,  Fig.  7 
fauna,  68 

lithology,  relations,  65 
thickness,  58,  67,  Figs.  12,  15 
type  locality  proposed,  65 
Manlius  limestone,  22,  34,  37,  39,  52, 
Tables  XI,  XII,  XIII,  XIV 
correlation.  Tables  XI,  XII,  Fig. 
17 

Maryland,  33,  44 

New  Jersey,  44,  46,  Tables  VIII, 
XII 

New  York,  44,  Table  VII 
Manlius,  N.  Y.,  Fig.  10,  Table  XII 
Manns  Choice,  Bedford  County,  192, 
Fig.  39 

Mansfield  iron  ores,  299,  300,  Fig. 
83 

correlation,  300 


Mapleton,  Huntingdon  County, 
Table  VIII 
Keyser,  37 

Oriskany,  104,  123,  Figs.  19,  29 
silica,  27 

^larcellus  formation  (shale, 
“slate”),  5,  8,  131,  132,  137,  139- 
141,  148,  161,  162,  166,  204,  Tables 
I,  IV,  VI.  Chap.  V 
Allegheny  Front,  174 
character  and  correlation,  169- 
172,  312,  Figs.  40,  41,  42,  93 
distribution,  166,  168,  198,  Figs. 

37,  40,  93 
facies,  176 

fauna,  171-175 ; recurrent,  191, 
193,  194 

geologic  history,  371 
iron  ore,  26 
New  York,  167-169 
Onondaga  contact,  153,  Figs.  32, 
33 

thickness,  109,  172,  Fig.  40 
klarcellus-Onondaga  relations,  166, 
167 

Marcellus-Onondaga  disconformity, 
149,  171,  172 

klarceilus  sandstones,  23,  173,  174, 
195,  1!I8,  Figs.  40,  47  ( See  Tur- 
key Ridge,  IMexico  sandstones) 
lilarine  transgression,  367 
Maritime  Provinces,  55,  62  (see 

Quebec) 

Martin,  Lawrence  (See  Flialen) 
Marvin  Creek  limestone,  244,  256, 
278,  Tables  XXVII,  XXVIII 
Maryland  Devonian,  12 
Becraft,  133 
Catskill,  259 
Chemung,  247,  248 
Coeymans,  33,  34,  54 
Genesee,  219 
Hamilton,  Fig.  40 
Helderberg,  30,  33,  Tables  IV,  X, 
XIII,  XIV,  Fig.  17 
Ke'S'ser,  30,  33,  34,  Tables  IX,  X, 
XII,  XIII,  XIV 
Licking  Creek,  69 
Middle  Devonian,  138 
New  Scotland,  33,  02,  Fig.  12 
Oriskany,  94,  100,  Figs.  27,  28 
Parkhead,  210 

Portage,  204,  219,  Table  XXVI 
Silurian-Devonian  boundary,  22 
Tonoloway,  33,  Table  IX 
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Maryland  Geological  Survey,  440 
Middle  Devonian,  138 
Onondaga,  142 
Oriskany,  97,  100 
paleontology,  380 
Upper  Devonian,  238 
Maryland  Elver,  274 
Marysville,  Perry  County,  172 
Tully,  225,  226 
Massaohusetts,  9 
Matamoras,  Pike  County 
Catskill,  263 

Middle-Upper  Devonian  relations, 
237 

^lauch  Chunk,  Carbon  County,  263 
Mauch  Chunk  formation,  255,  Figs. 
72,  74,  84 

lithology,  distribution,  thickness, 
280 

Maynard,  T.  P.,  34,  42  (See  O’Hern, 
Schucihert,  Swartz,  C.  K.) 
Meadville  formation.  Table  XXVIII 
Meridian  sandstone,  5 
Meridian  series,  5 
Meridian  slate,  6 

Merisfa  type  subzone,  41,  Table  X 
Merisi ella  praenuntia  subzone,  43, 
Table  X 

Merrill,  G.  P„  440 
^Metallic  products,  26 
Metaplasia  pUcata  zone,  73 
Methods  of  correlation  (See  Corre- 
lation) 

Mexico,  Juniata  County,  174 
Mexico  sandstone,  140,  174,  195,  197, 
Table  V,  Fig.  40 
definition,  173,  174 
origin,  198 
type  locality,  174 
Mexico  section.  Fig.  40 
Middle  Devonian,  10,  21,  87,  131, 
132,  161,  Tables  I,  V,  VI,  Chap- 
ters IV,  V 

composition  and  limits,  132,  134 
distribution,  136,  Figs.  30,  37 
fauna.  Pis.,  15-32 
Xew  York,  137 
redefined,  378 

sequence  and  correlation,  137 
Middle-Upper  Devonian  sections, 
334 

Middle-Upper  Devonian  contact  and 
relations,  135,  164,  207-20'9,  220, 
221,  225,  236,  Fig.  56 
transition  in  east,  208,  213-215 
Mifflin  Coal  and  Sand  Company, 
Fig.  23 

Miffiin  County,  12,  76 
Hamilton,  194 
Keyser,  37 
Mandata,  67 
Mahantango,  194 
Marcellus,  175 
New  Scotland,  57 


Onondaga,  147,  149 
Oriskany,  104,  124,  Fig.  23 
Miller,  A.  Iv.,  iv,  381 
Miller,  B.  L.,  142,  151,  440 
Miller,  Hugh,  1 
Millerstown  section.  Fig.  40 
Millvale,  Montour  County 
Tully,  225,  226 

Minisink  (Experiment)  Mills,  Mon- 
roe County 

Oriskany,  99,  107,  130,  Figs.  26,  29 
Mississippian  system,  4,  10-,  20,  244, 
256,  277,  300,  Tables  II-VI, 

XXVIII,  XXXII,  Figs.  72,  74,  84 
(See  Pocono,  Mauch  Chunk,  etc.) 
Mississippian  - Devonian  relations 
and  contact,  280,  303,  305,  Table 
XXXII,  Figs.  74,  84 
Mississippian  stratigraphy,  278, 
Table  XXVIII 

northeastern  Pennsylvania,  280 
Mississippi  Valley  (See  Tennessee, 
Missouri,  Illinois,  etc.) 
Devonian-^Mississippian  relations, 
254 

Oriskany,  95 
Missouri 

Oriskany,  95,  Table  XVII 
Monroe  County,  11,  87,  89,  Tables 
V,  VHI,  XIII  (See  Brodhead 
Creek  section,  Saylorsburg  sec- 
tion, etc.) 

Becraft,  62 

Catskill,  259,  263,  291,  Table 

XXXI,  Figs.  72,  74 
Chemung  absent,  247 
Coeymans,  39,  54 
Decker,  37 

Delaware  Kiver  flags,  295 
Hamilton,  176-179,  Fig.  40 
Harrell,  218 

Helderberg,  32,  50,  Tables  VIII, 
XIII 

Keyser,  37,  39,  43,  44 
Laurens,  208,  209 
Mahantango,  178,  Fig.  43 
ilanulius.  37 
Marcellus,  170>,  Pig.  41 
New  Scotland,  55,  58,  60,  Fig.  11 
Onondaga,  141,  144,  145,  Fig.  31 
Oriskany,  97-99,  101,  107-109,  130', 
Figs.  26,  28 
physiography,  25 
Portage,  65 
Eondout,  37 
sections,  350,  Fig.  93 
silica,  26,  Fig.  13 
Skaneateles,  179 
Stormville,  51,  52 
Tully,  Tables  XXIV,  XXV 
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Montebello  sandstone,  139,  140,  183, 
195,  198,  312,  Tables  I,  V,  Figs. 
40,  44,  45,  47,  48,  53 
facies,  198 
origin,  198,  199 

physiographic  expression,  23,  25, 
169 

Montebello  and  other  Middle  De- 
vonian sandstones,  174,  191-193, 
195,  Figs.  40,  47 
distribution,  199,  Fig.  47 
economic  aspect,  27 
origin,  195,  198,  199 
Monterey,  Va.,  73,  Fig.  17 

Helderberg,  50,  54,  64,  69,  71, 
Table  XIV 
Montour  County,  11 
Helderberg,  51-53 
Onondaga  probably  absent,  143, 
149 

Oriskany,  96,  104,  105,  125 
physiography,  25 

Montoursville,  Lycoming  Countv, 
103,  123,  Fig.  29 
“Montrose”  red  shale,  264,  291 
White  vs.  Vanuxem,  291 
Moore,  E.  S.  (See  Butts) 

Moose  Kiver  sandstone,  94,  116,  117, 
Table  XVII 
Moosic  Mountains,  23 
true  Pocono,  304,  307 
Moscow  faunal  facies,  138-140,  166, 
182,  312,  Tables  I,  V 
character,  thickness,  fauna,  176, 
177,  185,  Table  XXIII 
Moscow  formation,  133,  137,  161, 
176 

New  York,  161,  162 
Mottville  member,  137,  138,  170,  180 
Moyer,  F.  T.,  440  (See  Hickok) 
Mountain  building  (See  Orogeny) 
Mount  Eagle,  Centre  County 
Oriskany,  102,  121,  Fig.  29 
Mount  Pleasant  red  shale,  20,  255, 
256,  264,  282,  Tables  II,  V 
correlation,  282,  Tables  XXX, 
XXXI,  XXXII 

distribution,  282,  304,  Pigs.  72,  74 
limits,  lithology,  type  locality, 
282 

Thickness,  282,  Table  XXX 

:Mount  Eock,  Mifflin  County,  76,  Fio- 
17 

Murchison,  E.  I.,  1,  440  (See  Sedg-- 
wick) 

N 

Naples  fauna,  203,  217,  218,  238,  239 
Naples-Ithaca  fauna,  239 
Narrowsburg,  N.  Y.,  292 
Natural  gas,  28,92  (See  Petroleum) 


Nearpass,  N.  J.,  38,  43,  50,  Tables 
XI-XIV,  Fig.  17 
Coeymans,  51 
New  Scotland,  58 
Needmore,  Fulton  County,  149 
Needmore  shale,  125,  126,  127,  129, 
134,  139-141,  144.  149,  153,  155, 
Tables  I,  V,  VI,  Fig.  36 
correlation.  Table  XXI,  Figs.  36, 
93 

distribution,  149,  Pig.  30 
fauna,  150,  Table  XXII 
geologic  history,  371 
lithology,  thickness,  149,  Fig.  31 
relations,  149,  150,  Fig,  36 
Needmore  section,  342,  Fig.  40 
Neeleytown,  34 

Oriskany,  105,  127,  Fig.  29 
Newberry,  J S.,  380,  440 
New  Bloomfield,  Perrv  County,  105, 
106,  150 

New  Bloomfield  quadrangle,  10 
New  Brunswick,  65 
New  England  (See  !Maine,  New 
Hampshire,  etc.) 

Oriskany,  94 

New  Hampshire,  9,  94,  116,  Table 
XVII 

New  Jersey,  9 
Becraft,  62,  65 

Catskill,  236,  258,  260,  261,  Fig.  70 
Coe^Tuans,  51,  54 
Decker,  38 

Hamilton.  163,  Fig.  40 
Helderberg,  30,  50,  Tables  VIII, 
XII-XIV,  Fig.  17 
Keyser,  43,  44  (See  Decker) 
iMarcelius,  176 
Middle  Devonian,  138 
New  Scotland,  58,  60,  71,  Fig.  12 
Oriskany,  93,  110,  Tables  XVI, 
XVII,  Pigs.  27,  28 
Portage,  138 

Silurian-Devonian  boundary,  22, 
30 

New  Jersey  Geological  Survejq  262, 
380 

New  Jersey  Eiver,  274 
New  Milford  formation  (group), 
251,  Table  II 
character,  295-297,  Fig.  81 
correlation,  297-300,  Tables  XXX, 
XXXII 

distribution,  296,  297,  Figs.  72,  74 

flagstones,  27,  297,  Fig.  81 

fossils,  297 

lithology,  296,  297 

thickness,  296 

transition  to  marine,  297 

tyi>e  locality,  295 

New  Milford,  Susquehanna  County, 
295 

Newport,  Perry  County,  225 
Newry  section,  338 
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Newton  Hamilton,  149,  153,  175 
New  Scotland  formation  (lime- 
stone), 22,  50,  52,  55,  72,  74,  77, 
81,  83,  86,  88,  90',  109,  120,  122-126, 
128.  130,  Tables  I,  V-IX,  XIII, 
XIV,  Hifys.  11,  13,  17 
boundaries,  57 

correlations,  60,  Fig.  17;  Md.,  62; 
N.  J„  60;  N.  Y.',  60;  Va„  62; 
Tables  VII-IX,  XIII,  XIV 
distrilmtion,  55,  Figs.  7,  12 
economic  value,  white  clav,  58, 
Fig.  13  ‘ ■ 

fauna,  58,  59 

lithology  and  members,  55,  56,  57, 
Fig.  11 

Maryland,  33,  Tables  XIII,  XIV 
New'  .Tersev,  Tables  VIII,  XIII, 
XIV 

New  York,  55,  60,  Tables  VII, 
XIII 

relations,  55,  100,  104,  117,  120 
silica,  27 

thickness,  58,  Fig.  12 
transitional  with  Coeymans,  57 
Virginia,  Table  XIV 

New  York  Devonian,  2,  5,  6 
Becraft,  62,  65 
Coeymans,  54 
Tlainilton,  161,  169,  170 
Ilelderberg,  29,  47,  Tables  VII, 
XII-XIV 
ice,  232 

Marcellus,  107-169 
(Middle  Devonian,  137 
New  Scotland,  60,  Fig.  12 
Oriskany,  93,  110,  116,  Tables 

XVI,  XVII,  Figs.  27,  28 
Portage,  203,  Table  XXVI,  Figs. 
49,  50 

Upper  Devonian,  241,  244,  Table 
XXVII 

New  York  Geological  Survey,  380 
New  York  State 

Silurian-Devonian  boiindary,  22, 
48 

New  York  system  of  Emmons,  2 
Nomenclature,  Latin  of  Eogers,  4 
Non-metallic  products,  26 
Northeast  shale,  251,  Tables  IV, 
XXVII 

Northeastern  Pennsylvania,  30 
Catskill,  276,  Figs.  72,  74 
flagstone,  26 
ground  water,  28 
Mississippian,  280 
physiography,  23,  25 
stratigraphic  sequence,  278,  279, 
Tables  II,  XXX,  XXXII 
Northumberland,  Northumberland 
County,  226 


Northumberland  County,  11  (See 
Selinsgrove  .Tunction  section) 
Chemung,  247 
Hamilton,  Fig.  40 
Helderberg,  51,  80 
(Marcellus,  172,  197 
Middle  Devonian.  140 
Oriskanjq  104,  108,  126 
pli3'siography.  Fig.  25 
Portage,  Fig.  65 
sections,  352,  Fig.  93 
Tully,  225,  226,  Table  XXIV,  Fig. 
60 

North  Warren  shale.  Tables  IV, 
XXVII 

North  Water  Gap,  Monroe  County, 
99 

Northwestern  Pennsvlvania,  20, 
Table  IV 

Devonian-lMississippian  relations, 
253 

ground  water,  28 
marine  Upper  Devonian,  244, 
Chap.  VIII,  Table  XXVII 
(Mississippian  sequence.  Table 
XXVII 

Niiclcnspira  ventricosa  subzone. 
Table  X 

Nuclcos])ira  swarti;:i  subzone.  Table 
X 

Nunda  sandstone,  216 
0 

Oak  Kun,  Lycoming  County,  194, 
225,  Table  ‘XXIV 
Oatka  Creek  shale,  169,  170 
Off-lap,  367,  Fig.  94 

Catskill,  260-263,  267-271,  Table 
XXIX,  Fig.  70 
Ohern,  D.  W.,  440 
Ohio 

Devonian,  242,  255 
Mississippian,  255 
Ohio  Geological  Survey,  380 
Ohiopyle,  Fayette  County,  268 
Oil  Lake  formation,  256,  Table 
XXVIII 
Oklahoma,  62 

Old  Ked  sandstone,  1,  2,  5,  241,  257 
Olean  conglomerate,  241,  253,  254, 
302 

Oneonta  sandstone,  203 

correlate  of  Delaware  Kiver 
flags,  263 

Olive  Hill  formation,  47,  55 
On-lap,  367,  Fig.  94 
Onondaga  and  Oriskany  faunas 
compared.  Table  XVI,  Fig.  27 
Onondaga  formation,  132,  137 
Onondaga  grout),  104,  121, 

124-131,  133,  134,  139-141,  153, 

161,  262,  Tables  I,  V,  VI,  Chap. 
IV,  Fig.  17 
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correlation,  52,  95,  153,  312,  332, 
Table  XXI,  Figs.  36,  93 
defined,  141,  144;  group  term,  142 
distribution,  143,  Fig.  30  ; absent 
in  lower  Susquehanna  N'alley, 
148 

divisions,  143,  144 
economic  aspect,  26 
fauna,  Table  XXII 
geologic  historj',  370,  371 
limits,  142 
Maryland,  138 

minor  variants,  151,  153,  Tables 
XX,  XXI,  Figs.  34,  35,  36  (See 
Heaver  Dam  shale.  Hazard 
j)aint  ore,  Bowmanstown  chert, 
Palmerton  sandstone,  etc.) 
New  Jersey,  138 
New  York,  137 

paint  ore,  26  (See  Hazard  paint 
ore) 

Onondaga  limestone,  132 
Onondaga-Marcellus  disconformit}', 
149,  166,  172 

Onondaga-Oriskan3'  disconformitj', 
153,  154,  Table  XX,  Fig.  34 
Oolitic  hematite  (Hamilton),  26 
Orange  Count j',  N.  Y.  (Green  Pond 
Mountain  sj'ncline),  262 
Orangeville  formation.  Table 
XXVIII 

Orhiculoidea  jervcnsis  zone,  50,  64, 
72,  93,  114,  Tables  VIIl,  XIII, 
XIV,  XVII 

Origin  of  red  Catskill  (See  Ked 
beds,  origin) 

Origin  of  (Chemung)  shore  line 
features,  270 
souice  of  sediments,  273 
Oriskanj'  Falls,  N.  Y.,  93 
Oriskany  group  (“sandstone”),  5, 
10-,  21,  22,  29,  50,  62,  65,  72,  73, 
76,  80,  82,  85,  87,  88,  90,  92,  131, 
134,  153,  312,  313,  Tables  I,  V-VII, 
XIII,  XIV,  Figs.  13,  14,  17,  Chap. 
Ill 

contacts,  108,  153,  Fig.  34 
correlations,  50,  52,  116,  117, 

Tables  XVII,  Fig.  29 
distribution  and  limits,  96,  197, 
Figs.  17,  18 

divisions,  97  (See  Kidgeley, 
Shriver ) 

economic  aspect,  26,  27,  28 
fauna,  109,  Table  XVI,  Figs.  27, 
28,  Pis.  8-13 
geologic  historj',  370 
lithologjq  96,  97,  Fig.  20  (See 
Eidgeley  and  Shriver) 
Maryland,  33 

phj’siographic  expression,  25 
previous  work,  present  status,  92 
relations,  71 


sections,  119-130 
thickness,  101 

Oriskanj^-Onondaga  disconformitj', 
153,  154,  Fig.  34 
Orogenjq  363,  373,  374 

sedimentary  evidence,  373,  374 
spasmodic  movement,  374 
Oswayo  shale  (or  sandstone),  21, 
Tables  III,  IV,  VI,  XXVII,  XXXI, 
XXXII 

Allegheny  Front,  260,  301,  Fig.  84 
correlation,  253,  255,  256,  278,  283, 
287,  288,  30,2,  Table  XXXII, 
Figs.  72,  74,  84 
distribution.  Figs.  72,  74 
lithology.  Fig.  73 
thickness.  Table  XXXI 

P 

Paint  ore,  26,  151,  Table  V (See 
Hazard  paint  ore) 

Palamerica,  362 

Paleogeographv,  270,  366,  Figs.  46, 
71 

Paleontology,  380,  Chap.  XI 
Palmerton,  Carbon  County,  25,  34, 
52,  56,  Fig.  17 
paint  ore,  26 
Onondaga,  144,  145 
Oriskanjq  107 

Palmerton  sandstone,  52.  87,  107, 
108,  129,  153,  154,  Tables  V.  XIX, 
XXI,  Fig.  17 

character,  distribution,  fauna, 
153 

thickness,  type  locality,  153 
Panama  conglomerate,  252,  253, 

278,  302,  311,  Tables  IV,  XXVII 
Parkhead  sandstone,  201,  204,  210, 
238,  247,  Tables  V,  VI 
character,  210 

correlation.  Tables  XX^'I,  XXIX, 
Fig.  65 

fauna,  210,  211,  249 
thickness.  Fig.  65 
Passage  beds,  19 

Paupack  sandstone,  292,  293,  307, 
Tables  II,  XXX 

Pawpaw-Hancock  area  (Mary- 
land), 47,  132,  142  (See  Hancock) 
Peck,  F.  B.,  440 
Pecksport  member,  170 
Pennsylvania  First  Geological  Sur- 
vey, 3,  7,  29,  131,  132,  240,  257, 
304 

Pennsylvania  Biver,  274 
Pennsylvania  Second  Geological 
Survey,  7,  8,  29,  131,  168,  219,  440 
Allegheny  Front  correlation,  302 
Catskill,  257 
Chemung,  246 

Genesee-Marcellus  confused,  205 
Pocono  formation,  304 
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Portage-Chemung  confused,  204, 
205 

Upper  Devonian,  240^ 
Pennsylvania  Third  (Commission) 
Geoiogical  Survey,  9,  242 
Pennsylvania  Topographic  and  Geo- 
logic (Fourth)  Survey,  9,  242, 
2T6 

Penn-Yorlv  embayment,  369,  373, 
Figs.  46,  47 

“Pequanac”  shale  (See  Cornwall 
shale) 

Perry  Bay,  273,  Fig.  71 
Perry  County,  11,  Table  I,  Frontis- 
piece 

Burket,  217 

Catsldll,  260,  267,  292,  305,  Tables 
XXIX,  XXXII,  Fig.  70  ” 
Hamilton,  Fig.  40 
Harrell-Burket,  218 
Helderberg,  51,  57,  66-68,  82, 

Table  YIII 
Keyser,  35,  37,  82 
!Mahantango,  182 
Marcellus,  150,  172,  197 
Middle  Devonian,  139 
Montebello,  198,  Fig.  48 
Onondaga,  142,  143,  147,  148,  Fig. 
32 

Oriskany,  97,  105,  106,  109,  116 
Parkhead.  211,  249 
physiographic  expression 
(ridges),  23 

Portage,  20.5,  206,  212,  Figs.  52, 
53.  65 

sections,  353,  357,  Fig.  93 
Tullv,  225,  226,  Tables  XXIV, 
XXV 

Peru  Mills  section.  Fig.  40 
Petersburg  Stromatopora  reef. 
Table  X 

Peters  Mountain  member.  280 
Peters  Mountain,  pihj^siographic  ex- 
pression, 23 

Petroleum  and  natural  gas,  28 
Phalen,  W.  C.,  440 
Pholidops  ovata  subzone.  Table  X 
Physiographic  expression  (physio- 
graphy), 23-25,  Fig-.  6 
Pike  County,  11 
Catskill  coal,  26 

Catskill,  259,  263,  Table  XXX, 
Pigs.  72,  74 

Delaware  Eiver  flags,  295,  Fig.  80 
Onondaga,  141,  144 
physiograhy,  25 
Portag-e,  206,  Fig.  65 
Shohola  formation,  294 
Pimple  Hill  conglomerate.  Tables 
II,  V,  XXX 

Bear  Mountain  exposure.  Fig.  75 
distribution,  type  locality,  corre- 
lation, lithology,  284 
physiographic  expression,  23 


Pimple  Hill,  Monroe  County,  284 
Pine  Creek 

Helderberg,  Fig.  17 
Oriskany,  103,  122,  Fig.  29 
Pine  Creek  section,  326,  Figs.  86,  91 
Pine  Kidge  supported  by  Hones- 
dale,  23 

“Pine  Eock”  (Chadokoin  in  part), 
252 

Platt,  Franklin,  302,  440 
Platt,  W.  G.  (See  Platt,  Franklin) 
Pocono-Catskill  relations  and  con- 
tact, 260 

Pocono  formation,  4,  6,  10,  21,  255, 
264,  265,  280,  Tables  II,  V,  VI, 
XXX,  Pigs.  72,  74,  84 
distribution,  20,  Fig.  72 
lithology,  thickness,  character, 
etc.,  280,  302,  304,  30i5,  307,  373, 
Table  XXXII 

mapping  corrected,  276,  Fig.  72 
physiographic  expression,  23,  25 
type  locality,  304 
Pocono  Plateau,  7,  10 
Cherry  Eidge  shale,  284 
Elk  ^Nlountain  sandstone,  283 
Honesdale.  23,  Table  XXXI,  Figs. 
72,  74 

Mount  Pleasant  shale,  282,  305 
physiographic  expression,  23,  277 
Pimple  Hill  conglomerate,  284 
Pocono  formation,  280 
supported  by  Honesdale,  23,  Figs. 
72,  74 

Pocono  question,  304 
Pompiey  member,  137 
Ponent  series,  4,  20,  204,  257 
Pope  Hollows  conglomerate,  253, 
Tables  IV,  XXVII 
Portage  climate,  232-235,  Figs,  62, 
63 

Portage  flags,  5,  Fig.  50 
Portage-Chemung  relations,  241, 
245,  247,  248,  Table  XXX 
Portage  group,  7,  132,  135,  201,  238, 
266,  307,  312,  333,  Tables  I,  II,  IV- 
VI.XXVII,  XXIX,  XXXI,  Figs  65, 
93,  Chap.  VI 

correlation,  Maryland,  238,  N.  Y., 
238,  239,  Table  XXVI 
contacts,  Portage-Chemung,  201, 
203,  205,  206,  Tables  XXVI, 

XXX 

distribution,  207,  Fig.  51 
definition,  history  of  term,  201; 
N.  Y.,  203,  239,  Figs.  49,  50; 
Md.,  204,  238 

fauna,  203,  206,  211-216,  218, 

Table  XXV 
geologic  history,  372 
iron  ore,  26 

limits  and  origin,  201,  207-209, 
235,  Fig.  64 
Maryland,  204,  238 
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New  Jersey,  138 
New  York,"  203,  Figs.  49,  50 
phj’siogra4>hic  expression,  25 
stratigraphy,  20-9,  235,  236,  Figs. 
89,  93 

subdivisions,  201,  210 
thickness.  Fig.  65 
type  locality.  Figs.  49,  50 
Portage-Hamilton  transition,  213- 
215,  322 

“Portage-shales”  (I.  C.  White),  251, 
Table  XXVH,  Fig.  67 
Port  Ewen  shale  (See  Becraft),  30, 

47,  50,  52,  56,  60-,  62,  68,  72,  88, 
90,  Tables  V,  YII,  XIII,  XIV, 
Figs.  14,  17 

correlation,  65,  Tables  XIII,  XIV 
Port  Jervis  limestone,  93,  Tables 
XIII,  XIV 

Port  Jervis,  N.  Y.,  237 
Port  Matilda,  Centre  County,  222, 
Table  XXIV 

Portland  Point  limestone,  137 
Post-Meridian  grits  and  limestone, 
5,  131,  141 

Post-Meridian  series,  5,  132 
Potter  County,  11,  Tables  II,  XXXI, 
XXXII,  Fig.  85 
Catskill,  259,  260 
Canadaway,  252 
Conneaut,  252 

Oswayo,  283,  287,  301,  Fig.  84 
Pottsville  conglomerate.  265,  280, 
302,  373,  Table  XXVIII,  Fig.  84 
Prattsburgh  sandstone,  251 
Pre-Meridian  series,  6 
Price,  P.  H.,  440 
Prices  Bluff,  Va.,  Pig.  17 
Prosser,  C.  S.,  9,  132,  135,  262,  263, 
295,  440,  441 

I.  C.  White  corrected,  206 
Pseudofossils,  309 
Pterodictija  frondosa  zone.  Table 
XI 

Q 

Quail  limestone,  95,  110,  117 
Quebec,  55,  62,  94,  116,  Table  XVII 
(See  Maritime  Provinces) 
Devonian  ice,  232 
Queens  Eun,  Clinton  Countj%  302 

R 

Randall,  P.  A.,  240,  441 
Raymond,  P.  E.,  375,  441 
Eaystown  Branch  (See  Juniata 
River) 

Red  beds,  descent  of,  287,  Table 
XXIX 

Red  beds,  origin,  375  (See  Barrell, 
Raj'mond) 

Red  soil,  375 

Eeeside,  J.  B.,  9,  22,  34,  37,  39,  42, 

48,  53,  67,  441,  Fig.  17 


Reeds  Gap  section.  Fig.  40 
Reef,  Centerfield,  178,  Fig.  43 
Reger,  D.  B.,  441 
Relief  map.  Fig.  6 
Renier,  Armand,  198 
Reusselaei'ia  luutabilis  subzone. 
Table  X 

ReticiiT-aria  laevis  zone,  204,  206, 
238,  239 

Rhi/iichosplra  r/lodosa  subzone. 
Table  X 

“Ribbon”  limestone,  22 
Riceville  formation,  253,  Tables  IV, 
XXVII 

Riceville  shale,  244,  254,  Table 

XXVII 


Richfield  section.  Fig.  40 
Riddlesburg  shale,  303 
Ridge-making  sandstones,  23 
Ridgeley  formation  (sandstone), 
69-71,  76,  85,  96,  97,  119-130, 

Tables  I,  V,  VI,  XIII,  XIV,  XVII 
correlation,  119,  Tables  XIII, 
XIV,  XVII,  Figs.  17,  29 
contacts,  108,  Table  XVII,  Fig.  93 
fauna,  114,  115,  Table  XVI,  Figs. 
27,  28 

lithology,  97,  98,  99,  101,  Figs.  19, 
20 


Maryland,  Table  IX 
silica,  27 

Ries,  Heinrich,  262,  441 
Rivers  of  Appalachia,  363  (See 
Chemung  shore  line,  Montebello 
sandstone) 

Robertson,  T.,  441 
Eockhouse  shale,  47 
Rockville  sandstone,  38,  Table  V, 
(See  Fort  Hunter) 

Rockville  section  (and  quarries), 
172,  180,  182,  183,  198,  343,  Figs. 


40,  44,  45 

Rogers 

, H. 

D., 

2,  3, 

6,  20,  29, 

92, 

131, 

135, 

141, 

146, 

162,  168, 

204, 

209, 

240, 

247, 

257, 

441 

porti 

■ait,  ' 

Fig. 

1 

Silurian-Devonian  boundary,  21 
Rome,  Bradford  County,  298 
Romer,  A.  S.,  441 
Romney  formation,  133,  138 
Rondout  limestone,  37,  43,  44,  52, 
91,  Tables  VII-XIV 
correlation.  Tables  VII,  VIII,  XI- 
XIV,  Fig.  17 

Eosendale  limestone.  Tables  XI, 
XII 


Rowe,  R.  B.,  34,  53,  69,  70,  126,  Figs. 
16,  17  (See  Swartz,  C.  K.) 

Roystone  coquinite,  278,  302,  Tables 
III,  IV,  XXVII 

Ruedemann,  Rudolf  (See  Clarke, 
J.  M.) 

Rupert  section,  330,  Figs.  86,  91 
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Kush  formation,  201,  210,  218,  237, 
Tables  I,  V,  VI 
type  locality,  201 
Kushford  sandstone,  251 

S 

St.  Albans  formation,  55,  62 
St.  Clair,  Stuart,  95  (See  tVeller) 
Saegerstown  shale.  Tables  IV, 
XXVII 

Salamanca  “formational  suite,” 
244,  253,  Tables  IV,  XXVII 
Salina,  33,  Tables  XI,  XII 
Saxton,  Bedford  County,  192 
Saylorsburg,  Monroe  County 
Oriskany,  10<7 
white  clay,  58 

Saylorsburg  section,  315,  Pigs.  86, 
87 

Scalent  limestone,  series,  6 
Schellsburg,  Bedford  County 
Hamilton.  191 

Tully,  222,  Tables  XXIV,  XXV, 
Fig.  57 

Schoharie  shale  (“grit”),  5,  131, 
137,  141 

absent  in  Pennsylvania,  141,  151 
Schoharie  Valley,  42,  44,  262,  Table 
XI 

Schuchert,  Charles,  22,  29,  30,  31, 
33,  34,  42,  47-49,  55,  69,  71,  162, 
201,  232,  441,  Table  VII,  Fig.  17 
(See  Clarke,  .1.  M.,  Swartz,  C.  K.) 
Schulpin,  H.,  445 

Schuylkill  County  (See  Schuylkill 
Valley  section) 

Cat  skill,  259 
Hamilton,  Fig.  40 
Helderberg,  51,  55,  58 
Keyser,  35,  87 
Mahantango,  177,  179 
Marcellus,  171,  172 
Oriskany,  97,  106,  109,  128,  Fig. 
25 

Portage,  Fig.  65 
section.  Fig.  93 
Tully,  225,  Table  XXIV 
Schuylkill  Haven,  Schuylkill 
County,  34 

Oriskany,  128,  Fig.  29 
Schuylkill  Valley,  16,  136,  138,  178, 
180 

Schuylkill  Valley  section,  318,  Figs. 
40,  86,  88 

Second  Mountain,  double  crested, 
23,  304 

Second  Mountain  member,  280 
Second  Pennsylvania  Geological 
Survey  (See  Pennsylvania  Second 
Geological  Survey) 

Sedgwick,  Adam,  1,  441 


Sedimentary  cycle,  367,  370,  371, 
373,  377,  378,  Figs.  94,  95 
Sedimentary  history  of  (Catskill) 
delta,  275 

Selinsgrove  Junction,  Northumber- 
land County,  34,  66,  67,  142,  146, 
173,  Table  V,  Fig.  42 
Selinsgrove  Junction  section,  329, 
Figs.  86,  91 
Catskill,  267 
Hamilton,  Fig.  40 
Mandata,  66 

Selinsgrove  limestone,  139-141,  144, 
154,  Tables  I,  V,  XXI,  XXII, 
Figs.  32,  33 

correlation,  146,  Table  XIX,  Figs. 
36 

distribution,  146,  147,  Figs.  30,  36 
fauna.  Table  XXII 
lithology,  146 

thickness,  146,  147,  Fig.  36 
Seneca  limestone,  141 
Senecan  stage,  201,  239 
Shade  Valley  section,  233,  345,  Fig. 
40 

Shamokin  shale,  140,  195,  Table  V 
defined  and  type  locality,  173 
Sharon  conglomerate, Table XXVHI 
Sharpsville  formation.  Table 
XXVHI 

Shawangunk  conglomerate,  373 
Sheafer,  A,  W.,  302,  441 
Sheibley,  J.  W„  92 
“Shell  Grit,”  93 

Shenango  sandstone.  Table  XXVHI 
Sherburne  sandstone,  203,  206,  239, 
Table  XXVI 

Sherwood,  Andrew,  298,  300,  441 
Shimer,  H.  W.,  50,  72,  93,  442 
Shohola  formation.  Tables  II,  V 
correlation,  293,  294,  307,  Tables 
XXX,  XXXII 

distribution,  293,  Figs,  72,  74 
lithology,  292,  293,  Fig.  79 
relations,  292,  293 ; to  Delaware 
River  flags,  294 
thickness.  Table  XXXI 
type  locality,  292 

Shore  line,  Chemung,  270,  273,  Fig. 
71 

Shore  line,  establishment  of.  270 
Shriver  formation  (“chert”),  34, 
72,  74,  76,  94,  96,  100,  108,  Tables 
I,  V,  VI,  IX,  XHI,  XIV,  XVII, 
Fig.  17 

correlation,  117,  Table  XVII, 
Figs.  17,  29,  93 

fauna,  114,  115,  Table  XVI,  Figs. 
27,  28,  Pis.  8,  9 ; zoning  un- 
successful, 115 
lithology,  101,  Fig.  20 
relations,  108,  109 
Shriver-Helderberg  contact,  109, 
120-126,  128 
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Shumla  sandstone,  251,  Table  IV, 
XXYII 

silica,  27,  92  (See  White  clay) 
Sieherella  i)seu<IO!!aleata  zone,  69 
Silurian  s.vstem,  4,  9,  10,  49,  75,  78, 
80,  83,  87,  91,  Tables  VII-IX  ,XIII, 
XIV  (See  Keyser,  Tonoloway, 
Bossardsville,  Decker,  Eondout, 
IManlius,  etc.) 

conq-loinerates  and  orog-eny.  373 
Siluro-Devonian  boundary,  21-23, 
47-49,  116,  366 
^Maryland,  22 
Xew  Jersey,  22,  30 
Xew  York,  22 

Sinnemahoning  Valley,  301 
Sixteenth  International  Geological 
Congress,  198 

Skaneateles  faunal  facies,  138-140, 
166,  312,  Tables  I,  V 
character,  distribution,  etc.,  179, 
180,  184,  Table  XXIII 
Skaneateles  formation,  133,  137, 

161,  176 

Xew  York,  161,  162,  172 
Skunnemunk  conglomerate,  138, 
262 

Smith.  R.  W.,  442 
Snyder  County,  11 
Hamilton,  Fig.  40 
Marcellus,  174,  197 
Middle  Devonian,  140 
Onondaga,  148,  149 
Oriskany,  104,  124 
Portage,  Fig.  65 
Snyder  delta  lobe,  273,  Fig.  71 
Solsville  member,  170 
Source  of  (Catskill)  delta  sedi- 
ments, 274 

South  Danville,  Xorthumberland 
County 

Tully,  225,  Tables  XXIV,  XXV, 
Fig.  60 

South  Danville  section,  352 
Southwestern  Pennsylvania  (See 
Fayette  County,  etc.) 

Catskill,  268 

“Spirifer”  aretwsus  fauna,  69,  71, 
100,  105,  106,  108,  Tables  IX, 
XIII,  XIV 

“Spirifer”  arenosus  zone,  50 
“Spirifer”  covcinmis  zone,  Tables 
IX,  XIII,  XIV 

“Spirifer”  disjunctus  fauna,  201, 
209,  210,  238 

“Sph'ifer”  modestiis  subzone,  42 
Table  X 

‘\Spirifer”  mnrcliisoni  zone,  50,  66 
93,  116,  Tables  VIII,  XIII,  XIV 
XVII 

“Spirifer"  vamixemi  var.  prognosti- 
cus  subzone.  Table  X 

“Spirifer"  subzone.  Table  X 


Sproul,  Blair  County,  Tables  XXIV, 
XXV 

stamp,  L.  D.,  442 
Stafford  limestone,  167,  170- 
Starruca  olive  shale,  299 
State  Geologic  Surveys,  2,  3 
Stenoch  ifsina  deckerensis  subzone, 
43,  Table  X 

Stenocliisma  lamellata  zone.  Table 
XI 

Stevenson,  ,T.  ,J.,  8,  93,  169,  205,  442 
Stillstand,  367,  Fig.  94 
Stone,  R.  W.,  442 

Stony  Ridge  supported  by  Palmer- 
ton  and  Bowmantown  members, 
25 

Storm  rollers,  312,  Table  V 
Hamilton  zone,  166 
Stormville  conglomerate  (“shale,” 
“limestone”).  Table  VIII 
Stormville  member  (sandstone, 
limestone,  etc.),  67,  89,  91,  Tables 
V,  VIII,  .XIII,  XIV 
Stose,  G.  W„  33,  132,  142,  442 
Stow,  Marcellus,  93,  98,  442 
Stratigraphy,  308 
Striations,  glacial.  Figs.  62,  63 
Stromatopora  sp.  subzone.  Table  X 
Stromatopora  reef.  Table  X 
Stroplieodonta  hipartita  subzone. 
Table  X 

Stroudsburg,  Monroe  County,  30, 
144,  145,  171,  Figs.  31,  41 
Stroudsburgian  stage,  131,  Chap.  V 
Structural  geology.  Figs.  87,  88,  90, 
91,  99 

Sub-Carboniferous,  241,  254 
Sub-Olean  conglomerate.  Table 
XXVIII 

Suedberg,  Schuylkill  County,  172 
Sullivan  County,  11,  259 
Summit  Station,  Schuylkill  County, 
171,  173,  225,  226 

Sunbury,  Xorthumberland  County, 
173,  Table  V (See  Selinsgrove 
Junction) 

Susquehanna  County,  11,  252,  366, 
Table  II 

Catskill,  259,  305,  Tables  XXX, 
XXXII,  Figs.  72,  74 
Chemung,  Tables  XXX,  XXXI  I, 
Fig.  68 

Cherry  Ridge,  Tables  XXX, 
XXXII,  Fig.  76 

Elk  Mountain,  283,  Tables  XXX, 
XXXII 

H-onesdale,  289,  Tables  XXX, 
xxaii 

New  Milford,  299,  Tables  XXX, 
XXXII 

Susquehanna  River  (lower)  sec- 
tion, 321,  Figs.  86,  88 
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Susquehanna- Juniata  valleys  re- 
gion, Table  V (See  Susquehanna, 
lower  and  Juniata  lower  sec- 
tions) 

Brallier,  317 

Catskill,  259,  207,  384,  291,  303 
Hamilton,  166,  172,  183,  195 
Harrell,  218 
Marcellus,  168,  169 
Middle  Devonian,  136,  139,  140, 
143 

Oriskany,  98,  104,  109 
l>hysiography,  23 
Portage,  306,  207,  209,  Fig.  53 
Trimmers  Kock,  312,  Fig.  53 

Susquehann.a  Valley,  11,  13 
Catskill,  260,  267,  301 
Chemung,  347 
Mahantango,  180 
jMarcellus,  172 
Montebello,  195 
Portage,  309,  217 

Swain,  F.  M.,  34 

Swartz,  C.  Iv.,  iv,  33,  34,  39,  42,  48, 
49,  52,  53,  56,  60,  64,  133,  133,  142, 
153,  442,  h'ig.  17  (See  Stose) 

Swartz,  F.  M.,  iii,  iv.,  9,  10,  29,  93, 
93,  94,  116,  119,  142,  153,  197,  380, 
381,  445,  Tables  XII,  XIII,  Fig.  17 
(See  Swartz,  C.  K.,  Butts) 
Silurian-Devonian  boundary,  22, 
23 

Swartara  Creek  section,  173,  319, 
Figs.  40,  86,  88 

Swartara  Gap,  Lebanon  County, 
Fig.  17 

Sjdvan,  Franklin  County,  105 
T 


Tanners  Hill  red  zone,  252,  Tables 
IV,  XXVII 

Tarr,  R.  S.  (See  Williams,  H.  S.) 
Tatesville,  Bedford  County 

Tullv,  231,  222,  Tables  XXIV, 
XXV 

Taylor,  E.  C„  442 
Tedyuskung  Lake,  292 
Tennessee 

Helderberg-Keyser,  47,  55,  62 
Oriskany,  95,  Table  XVII 
Tentaculite  limestone.  Table  VII 
TentacuUtes  subzone.  Table  X 
Terminology,  stratigraphic,  379 
ThlipsurcUa  multipunctcUa  horizon. 
Tables  XIII,  XIV 

Thompsontown,  Juniata  County, 
Fig.  33 

Tinkers  Falls  member,  228 


Tioga  County,  11,  Tables  XXXI, 
XXXII 

■Canadaway,  251,  252 
Catskill,  359,  284,  287,  Table 

XXIX 

“Chemung,”  Fig.  78 
marine  Upper  Devonian,  250 
Tonoloway  limestone,  6,  32,  35,  37, 
39,  75,  79,  84,  Table  XII 
correlation,  46,  Table  XII 
economic  value,  40 
^Maryland,  44,  Table  IX 
Tonoloway  Ridge,  73 
Towanda  Narrows,  Bradford  Coun- 
ty, 398 

Tracks  (See  Trails) 

Transgression  (See  marine  trans- 
gression) 

Transition  beds,  19,  254,  260,  305, 
376  (See  Bradfordian) 

Tressler,  F.  E.,  93 
Trihulis  sub-fauna,  117 
Trilobite  Mountain,  N.  Y.,  50,  60., 
71,  73 
Becraft,  64 

Trimmers  Rock  sandsto:iie,  135,  136, 
164,  20.1,  306,  208,  210,  237,  Tables 
I,  II,  V,  XXX,  XXXII,  Fig.  53 
correlation,  213,  215,  239,  295, 
312,  Tables  XXVI,  XXXII, 
Figs.  65,  93 

distribution,  308,  311,  213,  263, 
Fig.  51 

economic  aspect,  27 
fauna,  312,  213,  214,  315 
geologic  history.  373 
limits,  213,  Fig.  65 
physiographic  expression,  25 
relations,  295 
thickness,  215,  Fig  65 
type  locality,  212 
Triph yllopteris  flora,  381 
Tropidoleptus  zones,  249 
Troy,  Bradford  County,  290,  291 
Tucker,  R.  T.  (See  Price) 

Tully  limestone  or  shale,  8,  133, 
135,  136,  164,  203,  206,  208-210, 
219,  235,  239,  Tables  I,  V,  VI, 
Figs.  53-60 

contacts,  208,  Figs.  55,  65 
correlation,  338,  312,  Figs.  65,  93 
distribution,  208,  320,  231,  233, 
225,  226.  331,  Fig.  54 
economic  aspect,  27,  Fig.  57 
facies  or  phases,  336-328,  Fig.  61 
fauna,  228,  Table  XXV 
geologic  history,  372 
lithology,  237,  Figs.  56-61 
New  York,  161,  238,  231 
relations,  Figs.  55,  65 
Second  Pennsylvania  Geological 
Survey,  mistaken  Tully  iden- 
tity, 205 
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stillstancl,  233,  236,  Fig-.  64 
subsurface  record,  225 
thickness,  222,  225,  Table  XXIV, 
Fig.  65 

Tuna-Kilbuck  conglomerate,  302, 
Tables  IV,  XXVII 
Turkey  Eidge  sandstone,  139,  140, 
173,  176,  195,  197,  Table  V,  Fig.  40 
definition,  tyije  locality,  etc.,  174 
origin,  198 

Turkey  Eidge  supported  bj’  Marcel- 
lus  sandstones,  23,  174 
Tuscarora  conglomerate,  373 
Tyrone,  Blair  County,  34 

U 

Ulrich,  E.  0.,  33,  42,  44,  47,  72,  443, 
Table  XII 

Ulsterian  stage,  131 
Umbral  series,  241 
Uncinulus  convexorus  s u b z o n e. 
Table  X 

ITnconformity  (See  Disconformity ) 
Devonian-Mississippian,  20,  21, 

253,  254,  Tables  XXVIII, 

XXXII 

Marcellus-Onondaga,  149,  Figs. 
32,  33 

Onondaga-Oriskany,  153,  Table 
XXI,  Fig.  34 
Silurian-Devonian,  48,  49 
Union  County,  11,  149 
Union  Springs  member,  137,  139, 
169,  172,  176,  Table  V 
Uniontown,  Fayette  County,  250, 
268  (See  Fayette  County) 
Unionville,  Centre  County.  222, 
Tables  XXIV,  XXV 
United  States  Geological  Survey,  9 
Universal  Atlas  Cement  Company, 
58,  107,  Fig.  13 

Upper  Devonian,  10,  21,  Tables  I-V, 
XXVII,  XXX-XXXII,  Chaps.  VI- 
VIII 

Catskill  sequences  and  strati- 
graphy, 281,  Table  XXX 
correlation,  240,  Table  XXXII, 
Figs.  74,  84 

marine  of  north-western  Pennsyl- 
vania, Table  XXVII 
marine  sequences,  278 
redefined,  378 
Senecan,  20il 

Upper  Devonian  delta,  270,  273, 
275,  Fig.  71  (See  Chemung  shore 
line) 

Upper  Devonian  fauna.  Pis.  15-32 
Upper  Helderberg,  5,  29,  131 
Upper  Pentamerus  limestone.  Table 
VII 


V 

Valley-forming  elements,  25 
Van  Ingen,  Gilbert,  50,  443 
'S'anu.vem,  Lardner,  29,  93,  161,  203, 
443 

Montrose,  291 

Venango  formation  (group),  244, 
253,  Tables  IV,  XXVII 
Venango  sands,  gas  and  oil,  28,  244, 
253 

Vergent  flags,  5,  204,  209 
Vergent  series,  5 
'\>rgent  shales,  5,  204 
Verneuil,  de  E,  21 
^'erwiebe,  W.  A.,  242,  443 
Vespertine  conglomerate  and  sand- 
stone, 6,  304 

Vespertine  series,  6,  20,  241 
Virginia,  9 

Coeymans,  54 

Helderberg,  73,  Table  XIV,  Figs. 
12,  15-17 

Kej'ser,  Table  X,  XIV,  Fig,  10 
Licking  Creek,  64,  69,  71,  Fig.  16 
Xew  Scotland,  62,  Fig.  12 
Oriskanj',  94,  116,  Table  XVII 
Silurian-Devonian  boundary,  48, 
49 

Vituliua  pustulosa  zone,  135,  164, 
166,  208,  225,  312,  Table  V,  Fig. 
53  (Synonymous  to  Vitiillna  pus- 
t ulii.<!(i--\spififcr''  tnllhix  zone) 
dies  ou*  in  east,  214,  215,  236 
Vokes,  H.  E.,  380,  443 

W 

AVagner,  N.  S.,  443 
AA'ales,  1 

AA'allenpaupack  Lake,  291 
AAmlpack  Bend,  97,  136 
Helderberg,  62 
AA’apwallopen  Creek,  267 
AAmrfordsburg,  Fulton  County 

Helderberg,  53,  54,  66,  67,  Table 
XIV 

Onondaga,  149 
AVarren  County,  11,  242 
Catskill,  260 
Cone-wango,  253 

AA’arren  Point,  Franklin  County 
Coeymans,  53,  63 
Helderberg,  50,  73,  Table  XI  A', 
Figs.  16,  17 
Licking  Creek,  69,  71 
Oriskany,  Fig.  29 
AA^arren  Point  section 
Helderberg-Keyser,  85 
Oriskany,  126 

AA^arrior  Mountain  coral  reef,  Table 
X 

AVarrior  Eidge  supported  bj’  Oris- 
kany, 25,  101 
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Waterlime  group,  6,  Table  VII 
Wayne  County,  11,  Tables  XXX- 
XXXII 

Catskiil,  259,  305,  Table  XXXI, 
Figs.  72,  74 
Cherry  Kiilge,  284,  286 
Damascus,  291 
Dyberry,  286 
Eik  Mountain,  283 
Honesclale,  288 
Mount  Pleasant,  282 
Weller,  Stuart  (See  Kiimmel) 
Catskiil,  262 

Helderberg,  30,  42,  44,  50,  58,  72, 
Tables  VIII,  XI,  Fig.  17 
Middle  Devonian,  138 
Oriskany,  93,  95 

Wellsburg  formation,  247,  249,  267, 
290,  Tables  I.  V,  XXVII 
character  and  correlation,  297 
West  Brook  member,  231 
Westmoreland  County,  12 
Westfield  shale,  251,  Tables  IV, 
XXVII 

West  Virginia,  9 
Iveyser,  Table  X 
Oriskany,  94,  97,  Table  XVII 
Silurian-Devonian  boundary,  48 
West  Virginia  Geological  Survey, 
146 

Whitcomb,  Lawrence,  151  (See 
Willard) 

Whitfichlella  minuta  subzone.  Table 
X 

“White  Catskiil,”  307 
VTiite,  David,  iv,  281,  443 
White  clay  (silica),  27,  56,  58,  Fig. 
13 

White,  I.  C.,  8,  252,  254,  307,  378,  443, 
Catskiil.  260,  283,  284,  288,  291, 
292,  299.  300 
Hamilton,  135,  162 
Helderberg,  30,  38,  44,  51,  52,  67, 
Table  VUI 

Lehigh  lliver  section,  264 
northwestern  Pennsylvania,  Table 
XXVII 


Onondaga,  132,  141,  142,  144,  146, 
149 

Oriskany,  93,  97 
Pocono,  304 

Portage,  205,  240',  247,  263 
portrait.  Fig.  3 

Silurian-Devonian  boundary,  22 
“White  Sandstone,”  93 
Weir  Mountain,  218 
Wilbur  limestone.  Tables  XI,  XIII 
Willard,  Bradford,  ii,  92,  108,  133, 
138,  175,  180,  182,  184,  191,  206, 
250,  443,  444,  445  (See  Cleaves, 
A.  B.,  Ashley,  G.  H.,  Butts) 
Onondaga,  142 

Williams,  II.  S.,  9,  132,  206,  247,  249, 
267,  298,  299,  444,  445 
Williams,  J.  S.,  203,  228  (See 

Cooper ) 

Wilmarth,  M.  G.,  139 
Windom  member,  137 
Winslow,  Arthur,  260,  265,  445 
Lehigh  lliver  section,  265 
Wolf  Creek  conglomerate,  252,  302, 
Table  XXVII 

Woodcock  sandstone,  253,  302, 

Tables  IV,  XXVII 
Woodmont  member,  204,  238,  Table 
XXVI 

Woodworth,  J.  B.,  4 
Wyoming  County,  11 

Catskiil,  259,  284,  286,  305,  Figs. 
72,  74 

cocpiinite,  297 

Wyoming  delta  lobe,  271,  Fig.  71 
Wysox,  Bradford  County,  297 
Wysox  fault.  Fig.  82 


Y 

Yellow  flint  shale,  66,  Table  VIII 
Yellow  Leaf  quartz  schist,  95 
Youghiogheny  lliver,  268 

Z 

Zittel,  K.  A.,  von,  445 
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PALEONTOLOGIC  INDEX 


For  references  to  specific  faunal 
zones,  faunal  subzones  and  faunas 
in  general,  see  General  Index. 

A 

Acaiithoscaplia  pentar/onalis,  72, 
113,  114,  PI.  9,  fig-s.  15a-f 
Acidaspis  callicera,  159,  PI.  31,  fig. 

3 

tuherculata,  22,  113 
Actinodesma  erectum,  213,  PI.  24, 
fig.  6 

Actinopteria  hoydl,  188,  214,  215, 
230,  237,  PI.  24,  fig.  ,2 
communis,  112 

decussata,  177,  193,  PI.  24,  fig.  3 
delta,  PI.  24,  fig.  4 
doris,  172 

epsilon,  215,  PI.  24,  fig.  5 
muricata,  171,  172,  PI.  24,  fig\  7 
suhdecussata,  172,  215,  PI.  24, 
fig.  8 

textilis,  112,  PI.  13,  fig.  8 
textilis  var.  arenaria,  112,  114, 
116,  PL  13,  fig.  7 
virginica,  112 

sp.,  158,  178,  194,  196,  212,  249 
“Adolpliia"  audacula,  184  (See 
'‘Spirifer”  audaculus) 

Aechmina  higeneris,  113,  PL  8,  figs. 
2a,  b 

spinoterminata,  113,  PL  8,  fig.  3 
Agoniatites  expansus,  159,  175,  190, 
PL  30,  fig.  19 

Allocardiiim  alternatum,  171 
Amhocoelia  gregari-a,  248,  324,  PL 
22,  fig.  13 

nana,  158,  171,  PL  22,  figs.  lO,  11 
prwumbona,  177,  183,  187,  PL  22, 
figs.  15,  16 

umbonata,  109,  158,  171,  175,  179, 
182,  183,  187,  192-194,  230,  248, 
249,  PL  22,  figs.  12,  13,  14 
sp.,  158,  172,  174,  205 
Ammonoids,  Marcellus,  170' 
Amnigenia  catskillensis,  PL  28,  fig. 
32 

Amphibia,  365 

Amphigenia  elongata,  153,  157 
Amplexus  hamilt07iiw,  156,  229,  PL 
15,  figs.  10,  11 
Ancyrocrinus  b^ilbosus,  179 
Annelida,  216,  Pis.  15,  20 
Anomoplialus  viinutissima,  PL  29, 
fig.  25 

Anoplia  nucleata.  111,  157,  PL  18, 
figs.  7,  8 


Anoplotheca  acutiplicata,  153,  158, 
312,  324,  PL  22,  fig.  26 
Camilla,  158,  183,  PL  22.  fig.  27 
concava,  60,  68,  109,  112,  116,  158, 
PL  11.  fig.  18.  PL  13,  fig.  1 
dichotoma,  112,  PL  10,  figs.  16. 
17 

flabcllites,  71,  109,  112,  114,  116, 
117,  PL  11,  fig.  16 
fimbriata,  112,  114,  PL  11,  fig.  17 
sp.  nov.,  158 

Antispirifei'  liarroldi,  117 
Apendodus  sp,,  253 
Apendiilus  pi'isciis,  PI.  32,  fig.  4 
Arachnida,  PI.  31,  fig.  31 
Ai'chtropfei'is  lialliana,  PL  32,  fig. 
8 

robustus,  Ifi.  32,  figs.  6,  7 
sp.,  281 

Arthropoda,  366,  Keyser,  PL  1,  Hel- 
derberg,  PL  7,  Oriskany,  Pis.  8, 
9,  14 

Middle  and  Upper  Devonian,  PL 
31 

Atlujris  aiu/elica,  248,  250,  251,  281, 
289-291,  300,  PL  22.  figs.  30,  31 
cora,  214,  PL  22,  fig.  32 
spiriferoides,  177-179,  182,  187, 

212,  PL  22,  figs.  33,  34 
sp.  230,  289,  298 
Athyridae,  22 
Atrypa  aspersa,  248 

Inistri.r.  I’l.  20,  figs.  17.  18 
reticularis,  54,  112,  157,  167,  178, 
182,  187,  194,  212,  213,  214,  248, 
PL  11,  fig.  1.  PL  20',  figs.  20,  21 
spinosa,  157,  225,  228,  229,  PL  20, 
fig.  19 
sp.  203 

“Atrypa  elongata,”  5 
Atrypiua  imbricata,  55,  68 
Aulacophylliim  sulcatum,  229 
sp.,  178 

Aulopnra  sp.,  179,  182,  196,  213,  229, 
249 

Aviculopectcn  cquilatera,  158 
exactus,  188,  I’l.  23,  fig.  1 
faciculatus,  182,  188,  214 
iiivalidus,  171,  PL  23,  fig.  2 
oruatus,,  183 

princcps,  182,  188,  PL  23,  fig.  3 
scabridus,  171 
sp.,  178 
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B 

Bactrites  aciculum,  159,  175,  179, 
182,  189,  PL  30,  figs.  17,  18 
clavus,  171,  PI.  30,  fig.  15 
(/racillior,  218,  PI.  30.  fig.  16 
sp.,  159,  174,  183,  203,  230 
Baeopleuroc.eras  incipiens,  230,  PL 
30,  figs.  27-30 
Beach  id  sp.,  48 
Bellerophon  cJarhei,  212 
crcai.'^fria.  189,  PL  29,  fig.  5 
leda,  159,  179,  183,  189,  192,  PL  29, 
fig.  6 

h/ra,  PL  29,  fig.  7 
nartoides,  212,  PL  29,  fig.  8 
patulidi,  189,  I’l.  29,  fig.  9 
pelops,  159 

triradiatus.  PL  29,  fig.  10 
sp.,  159,  179,  180,  182,  193 
Bilohites  various,  60 
Bollia  amerioana,  113 

americana  var.  zygojcornis.  113 
hurncneri,  72,  113,  PL  8,  figs, 
lla-c 

cristatn,  113,  PL  8,  figs.  9a-d 
ohesa,  160 

saffittafonnis,  72,  113,  114,  PL  8, 
figs.  lOa-c 
nngula,  160 

zijgocornis,  PL  9,  figs,  la-d 
sp.,  160 

BothrioJcpiis  Icsiegi,  PL  32,  fig.  2 
minor.  Id.  32.  fig.  1 
Brachiopoda,  158,  171,  172,  178,  180, 
194,  203,  212,  Ke3'ser-CoblesLill, 
PL  2,  Ilelderberg,  Pis.  3-6,  Oris- 
kany.  Pis.  10-13,  Middle  and  Ux)- 
per  Devonian,  Pis.  16-22 
Brachi/prion  majus.  111 
Bryozoa,  156,  171,  172,  175,  178,  179, 
180,  182,  183,  192-194,  212-214,  229, 
249 

Buchanopsis  Igra,  159 
macra,  212,  PL  29,  fig.  11 
Buchiola  oonversa,  PL  27,  fig.  16 
Italli,  158 

Uvonia’,  PL  27,  figs.  17,  18 
marrUr,  Id.  27,  figs.  19,  20 
retrostriata,  135,  206,  318,  PL  27, 
figs.  21,  22 

snsquchitnnica,  230,  PL  27,  fig. 
23 

sp.,  175,  180',  203 
sp.  nov.,  174,  175 
Bgssotcria  radiata,  248 
Bythocgpris  favulosa,  160 
sp.,  160 

C 

Calymcne  camerata,  41,  PL  1,  figs. 
13a-d 

Camarotoochia  altipUcata,  41 


congregata,  182,  186,  212,  PL  19, 
figs.  6,  7 

congregata  var.  parlcheadensis, 
210,  211,  213,  249,  PL  19,  figs. 
8,  9 

contracta,  251,  289,  297,  PL  19, 
fig.  10 

dotis,  172,  PL  19,  fig.  11 
dvpUcata,  252,  287,  291 
eximla,  211,  214,  229,  249,  PL  19, 
figs.  12,  13,  14 
gigantea.  41,  PL  1.  fig.  4 
horsfordi,  213-215,  249,  PL  19, 
figs.  15,  16 
lamellata,  41 

litchficldensis,  PL  2,  fig.  1 
orhicularis,  214,  229,  id.  19,  figs. 
17-19 

prolifica,  171,  179,  180-,  182,  186, 
214,  PL  19,  fig.  20 
prosseri,  41 

sappo,  186,  251,  289-291,  PL  19, 
figs.  22,  23 

stevensi,  151,  189,  PL  19,  fig.  21 
sp.,  157,  178,  184,  194,  195,  213, 
251,  289,  290,  298 
“Cardiola,”  205 
Cardiomorpha  sp.,  203 
Cavellina  paraguesita,  113 
CentroncUa  ovata,  157,  PL  20,  fig. 
10 

Cephalopoda,  153,  159,  176,  203,  214, 
216,  Middle  and  Upper  Devonian, 
PL  30 

Ceratocaris  heecheri,  PL  31,  fig.  24 
Ceratopora  dichotoma,  229 
intermedia,  175,  193 
jacksoni,  178,  179,  182,  214,  PL 
15,  fig.  13 

sp.,  156,  193,  194,  218,  229 
Chwtetes  sp.,  185 

Charionelhi  ovata,  230,  Id.  22,  fig. 
20 

sp.,  231 

'■‘Chonetes"  arcuatus,  153  (See 
Eodevonaria  arcuata) 

Chonetes  aroostoolcensis,  65,  PL  5, 
fig.  3c 

aurora,  206,  220,  221,  225,  228,  229, 
231,  id.  17,  figs.  17,  18 
buttsi,  157,  Id.  17,  figs.  24-26 
coronatus,  157,  172,  179,  180,  182- 
184,  186,  192,  196,  229,  PL  17, 
fig.  27 

hemisphericus,  157,  PL  17,  fig.  28 
h.udsouicus.  111,  114,  Id.  12,  figs. 
6,  7 

jerseyensis,  41-43,  45,  46,  PL  1, 
figs.  2a-c,  PL  2,  figs.  1,  2a,  b 
lepidiformis,  212,  PL  17,  fig.  29 
lepidus,  157,  172,  177,  179,  180, 
183,  186,  192,  215,  216,  229,  PL 
17,  figs.  30,  31 
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mari/landicus,  186 
mucronatus,  157,  171,  178,  182, 
186,  193,  196,  PI.  17,  figs.  32- 
35 

pustulocrifitata,  PI.  5.  figs.  3a,  b 
roirei,  111 
riigosus,  157 

scifulus.  157,  171,  172,  174,  177, 
179,  180,  183,  186,  192,  249,  PI. 
18,  fig.  1 

setif/er,  157,  171,  172,  177,  180, 
186,  193,  PI.  18.  figs.  4,  5,  6 
vicinus,  172,  175,  177,  183,  186.  192, 
194,  213,  214,  PI.  18.  figs.  2,  3 
sp.,  114,  157,  175,  179,  ^84,  185, 
194,  203.  213 

sp.  nov.,  Helderberg,  61,  65,  68,  71, 
Onondaga,  157 

Chonostrophia  complcniata,  111, 
116.  PI.  12,  fig.  8 
helderbergice,  60 

Cladochonus  humilis,  215,  216,  PI. 
15,-  fig.  19 

Cladoporn  rectilineata,  41.  PL  l, 
fig.  1 
sp.,  156 
“Clams,”  20.3 

Coelenterata,  Oriskany,  PI.  10,  Mid- 
dle and  Upper  Devonian,  PI.  15 
Coelopsira  sp.,  230 
Coleolus  curvatus,  159 

tennicinctus,  159,  175,  179,  189, 
192,  PI.  30,  fig.  4 
sp.,  218 

Conocardium  sp.,  158 
Conolichas  eriopsis,  160,  PI.  31, 
fig.  2 

Conscinium  striaturum,  156 
Conularia  liiintiana,  113 
pijraniidans,  113,  114,  PI.  13,  figs. 
10,  11 

iindulata,  159,  PI.  30,  fig.  2 
sp.,  159,  PI.  30.,  fig.  3 
Corals,  156,  178,  179,  182,  212,  229, 
Oriskany,  PI.  10,  Middle  and  Up- 
per Devonian,  PI.  15 
Cranwna  romingeri,  157 
Crania  sp.,  214 

Craniella  hamiltonicB,  156,  171,  172 
sp.,  171,  PI.  16,  figs.  15,  16 
Craspidophinium  arcliiaci,  178 
Crinoidea,  columnals.  111,  156,  174- 
180,  182,  183,  192-194,  211-214,  216, 
218,  229,  248,  249,  251,  289,  290 
Crinoidea,  20,  178,  PI.  10 
Crustacea  (See  trilobita,  ostracoda, 
phyllocarlda,  etc.) 

Cryptonella  eudora,  251,  289-291, 
298,  PI.  20,  fig.  11 

Cyatliopliyllum  conatum,  156,  PI. 
15,  fig.  12 
sp.,  156 


Cyphaspis  minuscuUi,  160,  PI.  31, 
fig.  1 

St  eph  anaphora,  160 
Cyphotrypa.  corrugafa,  41 
Cypricardella  belUstriata,  183,  189, 
194,  215.  PI.  25,  fig.  28 
cinnberlandife,  PI.  26,  fig.  4 
indenta,  183,  189,  PI.  26.  fig.  1 
marylandica,  PI.  26.  fig.  2 
nitidnln,  PI.  26,  fig.  3^ 
tcmiisfrkita,  179,  212,  213,  PI.  26, 
fig.  5 

sp.,  230,  249 

('yrtia  alta,  PL  20.  figs.  24,  25 

Cyrfina  hamiltonensis,  157,  182, 

187,  192,  213,  PL  20.  figs.  22.  23 
rostrata,  71,  109,  112,  114,  PL  11, 
fig.  15 

rostrata  fvariaf),  72 
raria,  71 

sp.,  157,  203,  213,  230 
Cyrtoclynienia  neapoUtana,  218,  PL 
30,  fig.  24 

Cyrtolites  mitella,  183,  189,  PL  29, 
figs.  2.  3 

pUeoUts,  192,  PL  29,  fig.  4 
Cystiphylhnn  sp.,  156 
Cystodictya  gilbert!,  156 
sp.,  156 

“Cytheriiia  alta,”  6 
D 

Dalmanella  carinata,  248 
clarJci.  41 

lenticularis,  157,  179,  183,  186,  PL 
18,  figs.  23-25 
tioga,  249 

sp.,  22,  157,  178,  229 
Dalmanites  dcntatus,  50,  63-65,  71- 
73,  93,  94,  113,  Tables  XIII,  XIV, 
XVII 

micrurus,  22,  54 
pleuropytx,  113 
sp.,  65,  108,  114,  196 
Biamespora  constricta,  185 
Diaphorostoma  desmatum,  112,  116 
lineatum,  159,  183,  212,  PL  29, 
figs.  26-28 

turbinatum.  Pi.  29,  fig.  29 
rcntricosiini , 112,  PL  14,  fig.  1 
sp.,  192 

Disclna  sp„  179 

Douvillina  arena ta,  PL  16,  fig.  23 
cayuta,  248,  249,  PL  16,  figs.  24, 

25 

cayuta  var.  graciliora,  PL  16,  fig. 

26 

mucronata  {caputa  auct.),  248 
sp.,  216,  229 
sp.  nov.,  157 
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E 

Eatouia  mediulis,  60,  109,  111,  PI. 
5.  fio-.  4.  PI.  12,  figs.  1.3,  14 
pcruliiiris,  111,  114,  116,  PI.  12, 
figs.  15-18 
sinr/iihiris,  68 
siiiKafd,  112 

Erlinmcnris  multinodosa,  PI.  3i, 
Fig'.  25 

pinirtata.  190.  PI.  31.  fio-.  26 
Siih](rri.<i,  PI.  31,  fig,  27 
sp.,  177 

sp.  nov.,  190,  213 

Eehinorrrlia  nmhncarUoidPs.  205, 
214,  216,  225,  228,  230,  231,  PI.  22, 
figs.  17-19 

Echinoderninfa,  Oriskaiiy,  PI.  10 
(See  crinoidea) 

Ectodesma  hirostrafinii,  212.  PI.  25, 
fig.  15 
sji.,  212 

Ecfoiuaria  crr1rfii(i\  T>1.  29.  fig.  12 
sp..  159 

Edriorrhius  pncilliformis.  111,  PI. 
10,  figs.  8,  9 

sacnihis.  Ill,  114.  PI.  10.  figs. 

6,  7 

Elptha  flmhriata,  158,  178,  183,  187, 
194,  225,  228,  230,  231,  T’l.  21,  fig. 

28 

priniial  unt,  PI.  21,  fig.  29 
ftaffordi.  112,  PI,  11.  fi'g.  4 
Elimwcaris  sp.  nov.,  182 
Enutnuella  pennsijJvnnicn,  228,  230, 
PI.  22.  figs.  23-25 
Entcrnlaama  rectum,  229 
sp.,  229 

Eodenwiuir'm  arcinild,  157,  PI.  17. 
figs.  19-23  (See  “Choiicfrs”  arcu- 
tiis) 

Eospirifcr  macrnplenrus,  51,  53,  55- 
57,  62.  66-68,  70.  72,  Fig.  12.  PI.  6, 
figs,  la-g  (See  “Spirifrr"  mdcra- 
jth'tn-uH ) 

E.strid  sp.,  183 
Eumetrid  scdusd.  20 
Einiclla  linclilcciii,  187,  192,  PI.  20, 
fig.  13 

Euomphdlus  sp.,  192,  230 
Enrypterida,  PI.  31 
Eicthijdcsma  sp.,  158 

F 

“Favistclln.”  5 
Favosifcs  cldusus,  178 

couirux.  Ill,  1>1.  10,  figs.  4,  5 
hdiiin/oiiid',  178,  PI.  15,  fig.  17 
helderherfiice,  54 
liinitdris,  156,  PI.  15,  fig.  18 
slirivcri.  111,  PI.  10,  fig.  3 
sp.,  5,  156,  177,  229 


Eenestclla  hiseriata,  178 
eiiidcidta,  182 
Iwviundonta,  178 

sp.,  156,  178,  179,  182,  185,  192, 
194,  212-214,  229,  249 
Fenestellnids,  22 

“Pish,”  4,  284,  285,  291,  Fig.  76,  PI. 

32  (See  Ostracodermi) 

Fish  spines,  PI.  32 
Eollmduclla  mdiucusift,  117 
Fdcdidcs  <;rdphicd,  233,  PI.  15,  fig. 
25 

Fucoidea.  190,  230,  249 
G 

Odimrli  ipirlnis  sp.,  253 
Gastropoda.  179,  182,  203,  211.  213, 
214,  Oriskany,  Pis.  13.  14,  kiiddle 
and  Tipper  Pevonian,  Pis.  29,  30 
(tlosftitrx  linf/iidtif!.  PI.  28,  fig.  27 
riidiciild,  PI.  28.  fig.  28 
Gliipfodesiud  crectinu,  178,  PI.  24, 
fig.  9 

Gam phnrcrdft  'Udsufum,  PI.  30,  tier. 
13 

pU)(Hir,  189,  PI.  30.  fig.  14 
Goniatifes.  159,  174,  175,  PI.  30 
Gouiophora  chemunfiensis,  248,  PI. 
25.  fig.  27 

dhnicuft,  PI.  25,  fig.  24 
hdm  iltoucnsis,  179,  189,  PI.  25, 
fig.  25 

ruooftd,  179,  PI.  25,  fig.  26 
sp..  179 

“Gothldudicd.”  5 

Grdmmysid  dreuatd,  176,  179,  183, 
187,  192,  193,  214,  230,  PI.  27,  fig. 

1 

hinulcdtd,  215,  PI.  27,  fig.  6 
circiihiri.'i,  188,  PI.  27,  fig.  2 
comm  iniif!,  212.  PI.  27,  fig.  3 
emptied,  251.  289,  PI.  27,  fig.  4 
md(/)id,  179,  PI.  27,  fig.  5 
iiddorostd.  179 
ohftoletd,  PI.  27.  fig.  8 
suhdrriidtd,  214,  249 
Huheirruldris,  PI.  27,  fig.  7 
fui1))idsiiid,  PI.  27,  fig.  9 
sp.,  179,  203,  212,  213 
Greeuops  onchiops,  159,  183 
dspectdiis,  159 

hcdfordcusin.  230,  PI.  31,  figs. 

20.  22 

hoothi,  176-178,  190,  214,  230,  PI. 
31.  figs.  17.  18 

Imoilti  var.  cdUiteles,  159,  230 
marpidndicd,  PI.  31,  fig.  19 
sp.,  159,  183,  230 

GypiduJa  coevmanensis,  53-55,  60, 
72,  Tables  XIII,  XIV,  PI.  5,  figs. 
2a-f 

coei/mancnsis  var.,  41 
prognnsticd,  54,  PI.  1,  figs.  3a-e 
pseudoffdleata,  64 
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H 

Hali/sites  cntenulntus,  49 
Hederella  sp.,  178,  183,  185 
Hipp(iri-o)iiix  proximus,  93,  111,  114, 
PI.  12,  flg.  9 
sp.,  93 

Holoptijchiiis  sp.,  4,  I’l.  32,  tig.  3 
Homalonot HS  dekayi,  171,  179,  180, 
183,  190,  192-194,  214,  PI.  31,  figs. 
4-6 

vanuxemi,  65 

sp.,  113,  Oriskany,  PI.  14,  fig.  3 
Honiiotoiiia  sp.,  179 
Hiifittcchiiius  sp.,  20 
HyoUtlius  aclis,  159,  183,  PI.  30, 
fig.  5 

Hca polls,  PI.  30,  fig.  6 
principalis,  159 
sp.,  218,  230 

Hypothyridina  venustula,  135,  164, 
307,  208,  214,  225,  228,  229,  231, 
312,  315,  PI.  20,  figs.  1-7 
sp.,  201,  203,  225-227,  230 

I 

Isorthis  einiiiens,  60,  PL  3,  figs. 
4a-f 

pereleyans,  54,  PL  3,  figs.  3a,  b 
K 

Kirkyeiia  ventricosu,  PL  9,  figs. 
3a,  b 

Kochia  unguiia,  PL  25,  fig.  13 
L 

Leda  diversa,  188,  214,  263,  PL  36, 
figs.  18,  19 

ohscura,  PI.  26,  fig.  20 
rosteilatu,  188,  PL  26,  fig.  21 
Leperditia  scaiaris,  42-44,  PL  1, 
figs.  15a-c 
subrotunda,  160 
Lepidesthes  sp.,  20 
Leptaoena  rhomboidalis,  60,  111, 
116,  157,  172,  183,  229,  PL  10,  fig. 
23.  PI.  17,  figs.  8,  9 
rhomboidalis  var.  ventricosa.  111 
ventricosa,  71,  PL  4,  figs,  la,  b 
“Leptwna  seyitera,”  4 
Leptwnisca  australis,  157 
coHcava,  68 

Leptocalia  ( Anoplothcca)  acutipli- 
cata,  153  (See  Anoplothcca  acuti- 
piicata) 
sp.,  158 

Lcptodesma  aiifonnc,  PL  25,  fig. 
10 

becki,  251,  289,  PL  24,  fig.  19 
crcon,  PL  24,  fig.  17 


curvatum,  PL  24,  fig.  18 
eiongatus,  PL  24,  fig.  20 
jason,  PL  24,  fig.  21 
lesieyi,  PL  24,  fig.  23 
iichas,  213,  PL  25,  fig.  1 
iongispinum,  213,  PL  25,  fig.  2 
nicdon,  I’L  24,  fig.  22 
multiplex,  PL  25,  fig.  3 
naviforme,  PL  25,  fig.  4 
orcus,  351,  289,  PL  25,  fig.  9 
orodcs,  PL  25,  fig.  11 
propinqua,  251.  289 
rogersi,  172,  175,  183,  188,  213,  PL 
25,  fig'.  5 

sociale,  213.  251,  289,  PL  25,  figs. 
6-8 

sjj.,  213,  230 

Leptostrophia  beckii,  55,  60,  68,  PL 
4,  figs.  4a,  b 

blainvillei,  71,  I’L  4,  fig.  5 
explanata,  117 

interstrialis,  186,  248,  349,  I’L  16, 
fig.  17 

magnifica,  117 

magniventroides,  71,  I’L  4,  figs. 
2a,  b 

nervosa,  248 

oriskania,  64,  65,  68a,  I’L  4,  figs. 
3a-c 

planulata,  60 

perplana,  54,  117,  172,  178-180, 

184,  186,  191,  192,  229,  PL  16, 
figs.  18,  19 

perplana  var.  alternata,  194,  216, 
PL  16,  fig.  22 

perplana  var.  nervosa,  212,  PL  16, 
figs.  20.  21 
tulliensis,  231 
sp.,  145,  157,  203,  229,  249 
Levenea  subcarinata,  55,  60,  64,  68, 
PL  3,  figs.  5a-d 
Llchenalia  sp.,  185,  193,  194 
Lingula  cuyahoga,  PL  16,  figs.  2,  3 
delia,  156.  171,  PL  16,  fig.  4 
ligea,  156,  174,  185,  229,  PL  16, 
figs.  5,  6 
nuda,  156 

olierni,  PL  16,  fig.  7 
spatulata,  I’l.  16,  fig.  8 
sp.,  109,  111,  156,  171,  172,  175,  213 
Lingulapliolis  terniinalis.  111 
Linguella,  palifor)uis,  214,  PL  16, 
fig.  1 

sp.,  172,  174,  249 
Lioptcria  bigsbyi,  PL  24,  fig.  11 
conradi,  177,  193,  215,  PL  24,  fig. 
10 

kvvis,  158,  171,  174,  PL  24,  fig.  12 
Icpiduin,  PL  24,  fig.  15 
linguiform  is,  PL  24,  fig.  13 
marylandica,  PL  24,  fig.  14 
sayi,  158,  I’L  24,  fig.  16 
sp.,  193,  212,  215 
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Liorhynchus  f/lohullforme,  212,  213, 
229.  PI.  19,  fio-.  3.') 
laura,  171,  186,  PI.  19,  figs.  26,  27 
Umitare,  171-175,  184,  "186,  193, 
194,  PI.  19,  fig.  28 
mesac-ostale,  186,  213,  214,  229, 
231.  249,  PL  19,  figs.  39-31 
multicosta,  157,  187,  PI.  19,  fig. 

32 

quadricostatum,  312,  PI.  19,  fig. 

33 

sp.,  57,  167,  179,  235,  239,  249 
Lopliolasma  tnlUum,  235,  329,  PL 
15,  figs.  2,  3 
sp.,  228,  339,  231 

Lo.ronema  hcllona,  179,  PL  39,  fig. 
36 

hamiltouirc,  159,  183,  189,  193,  194, 
PL  29,  fig.  35 

multiplicata,  PL  39,  figs.  37,  38 
noe,  PL  39,  fig.  40 
pexata,  159 

terehra,  PL  29,  fig.  39 
sp.,  112,  159 

Loxopteria  corrugata,  PL  35,  fig. 
14 

Lvnulicnrdium  ahsegmen,  PL  28, 
fig.  4 

curtuni,  171 
cymlnda,  PL  28,  fig.  2 
encriu ituni , 218,  PI.  28,  fig.  3 
sp.,  175,  203 

Lyriopecten  interradius,  188,  PL  23, 
fig.  4 

anomiwformis,  PL  23,  Fig.  7 
VI agni ficus,  Pi.  23,  fig.  5 
priamus,  PL  33,  fig’.  6 

M 

Macrochilus  ha7niltoni(e,  189,  PL  29, 
fig.  1 
sp.,  193 

Manticoceras  fasciculatum,  PL  30, 
fig.  31 

patcrso7> i,  218,  PL  30,  fig.  23 
sp.,  203,  218 

Af(irti)iia  siihumhona,  PL  32,  figs. 
4-6 

sp.,  158,  230 

“3/egalnuteris”  ovalis,  PL  12,  fig. 
25 

Megamliovia  lammellosa,  113 
sp.,  179 

Megistoerinus  sp.,  183 
Mci'ista  typa,  41,  PL  1,  figs.  lOa-d 
sp.,  48 

Meristella  arcuata,  53,  54,  60,  PL  5, 
figs.  7a-c 

'd/iganta',”  113,  PL  13,  figs.  3,  3 
lata,  109,  113,  116,  PL  5,  fig.  8, 
PL  13,  figs.  5,  6 

lentifonnis,  113,  114,  PL  13,  fig.  4 
nasuta,  187,  PL  33,  figs.  35,  36 


p7-rrmi'utia,  41,  PL  1,  figs,  lla-d 
rostellata,  112 

sp.,  48,  113,  113,  Oriskany,  PL  13, 
figs.  3,  3 
Merisfellidse.  32 

Mesotliirra  oceani,  PL  31,  fig.  30 
sp.,  192 

Metaplasia  plicata,  72,  73,  112,  114, 
115.  PL  11,  figs.  12.  13 
Modiclla  pygmicc,  213,  PL  28,  fig. 
31 


Btodiomorpha  alta, 

171, 

172, 

174, 

PL  25,  fig.  18 
arcuata.  Pi.  25,  fig, 

. 22 

eoncentrica,  178, 

183, 

188, 

192, 

213,  PL  25,  fig.  19 
constricta,  179 

mytiloidcs,  174,  189,  PL  25,  fig. 


20 

suPalata,  158,  188,  PL  25.  fig.  21 
tioga,  PL  25,  fig.  33 
sp.,  158,  183,  203,  212 
Mollusca,  153  (See  pelecypoda,  gas- 
tropoda, pteropoda,  cephalopoda) 
Monticvlipora  sp.,  178 
Murchisovia  micula,  f’L  39,  fig.  23 
3Iytilai-ca  oviformis,  179,  PL  25, 
ifig.  16 

symple.T,  T’l.  25,  fig.  17 
3Iytilops  sp.,  253 

N 

?taiiticopsis  sp.,  159 
Nephritoceras  Inicinum,  171,  PL  30, 
fig.  26 

eicherria  sp.  nov.,  183,  187,  PL  20, 
fig.  13 

Nucleospira  co^icit^na,  158,  183,  187, 
PL  22,  figs.  21,  23 
elegans,  112 
S}cartzi,  41 

ventricosa,  41,  113,  116 
Nvcula  hellistriata,  179,  183,  188, 
193,  194,  213,  PL  26,  figs.  6,  7 
corhuliformis,  158,  179,  188,  193, 
212,  213,  230,  PL  36,  fig.  8 
glolntlaris,  PL  36,  fig.  9 
'lirata,  179,  188,  PL  36,  figs.  10, 
11 

raiidalli,  188,  PL  26,  fig.  12 
raricosa,  188,  193,  PI.  36,  fig.  13 
sp.,  158,  180,  193,  193,  194,  312, 
213 

isfuculites  cuneiforviis,  188,  PL  26, 
fig.  14 

modulatus,  158 

ol>107igatus,  177,  179,  180,  182, 
183,  188,  212,  213,  PL  26,  figs. 
15,  16 

triqueter,  158,  171,  177,  179,  183, 
188,  PL  26,  fig.  17 
sp.,  179,  183,  193 
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Ki/ns.m  arffufa,  215,  Tl.  26,  fig-.  31 
recta,  188 

fiubalata,  171,  PL  26,  ftg-.  32 
si^.,  180' 

O 

Octonaria  attoonensis,  PI.  1,  figs. 
14a,  b 

dcltisulcata,  113,  PI.  9,  flg-s. 
13a,  b 

dorsosiilcata,  113,  PL  9,  fig.  12 
stigmata,  160 

thipsurelloides,  70,  Table  XIV 
sp.,  73 

OdontocepJialus  wgeria,  159,  PL  31, 
fig.  16 
cristata,  159 
selemirus,  159 
sp.,  159 

Ontaria  suhorhicttlaris,  PL  27,  fig. 
15 

sp.,  203,  218 

Onychodus  sigm aides,  171 
Orhiculoidea  alleghania,  PL  16,  fig. 
12 

jervensis,  50,  64,  72,  93,  111,  114, 
116,  Tables  XIII,  XIV,  XVII, 
PL  10,  figs.  10,  11 
lodiensis  var  media,  165,  174,  175, 
PL  16,  figs.  10,  11 
minnta,  172,  PL  16,  fig.  13 
negJecta,  PL  16,  fig.  9 
reederi.  111 

sp.,  156,  171,  175,  183,  196,  214 
Oriskania  Incerna,  112,  114,  116 
Orthoccras  aula.c,  183,  PL  30,  fig.  7 
constrictum,  179,  189,  PL  30,  fig. 
8 

exile,  179,  PL  30,  fig.  9 
filosum,  PL  30,  fig.  10 
suiulatum,  159,  174,  179,  183,  189, 
PL  30',  fig.  11 

telamon,  189,  193,  PL  30.  fig.  12 
sp.,  159,  174,  175,  179,  180,  182, 
193,  230,  251,  289 
Orthonota  carinata,  214 
parvula,  187,  PL  28,  fig.  25 
undnlata,  179,  180,  183,  187,  PL 
28,  fig.  24 

Orthonychia  tortuosa,  112,  114,  PL 
13,  fig.  12 

Ostracoda,  108,  114,  Lower  De- 

vonian, 72,  93,  119,  PL  2,  fig.  1, 
Pis.  8,  9,  Middle  and  UpxJer  De- 
vonian, 160,  172,  183,  190,  230 
Ostracodermi,  160,  190,  213,  230, 
251,  289,  PL  32 


P 

Palwnatina  typiis,  PL  28,  fig.  26 
sp.,  253 

Paliroailo  aiignsla,  PL  26,  fig.  24 
hrevis,  212,  PL  26,  fig.  23 
clarkci,  183 

constricta,  158,  179,  183 
emarginata,  158,  179,  183,  188, 
213,  214,  215,  237,  PL  26,  fig.  22 
ferinnta,  179,  183,  PL  26,  fig.  25 
filosu,  PL  26,  fig.  26 
maxima,  179,  PL  26,  fig.  27 
plana,  175.  188,  192,  193,  213,  214, 
Pi.  26,  figs.  28,  29 
tenuistriata,  183,  188,  213,  PL  26, 
fig.  30 

sp.,  179,  193,  230,  249 
Panenka  altervata,  158 
costata,  171,  PI.  27,  fig.  13 
dicliotoma,  158 
hero,  158,  T’l.  27,  fig.  14 
multiradiata,  158 
ohsolescens,  158 
sp.,  158 

Paraholbina  limhata,  113,  PL  9, 
figs.  2a,  b 
rentrispinosa,  113 
Paracardium  delicatum,  PL  27, 
figs.  25,  26 

dor)s,  206,  218,  PL  28,  fig.  1 
sp.,  203 

Paracyclus  elliptica,  179.  PI.  28, 
fig.  11 

lirata,  182,  189,  192,  213.  214,  237, 
PL  28,  figs.  13.  14 
tcniiis,  192,  PI.  28,  fig.  12 
sp.,  213,  230 

Paraxlisceras  discoideum,  159,  PL 
30,  fig.  20 

Paraheald ia  centralis,  113,  Id.  9, 
fig.  14 

Parainpliihins  tridactylus,  PI.  32, 
fig.  12 

Paraschmidtella  dorsopunctata,  113, 
I’l.  8,  figs,  la-e 
Pcgasella  sp.,  253 

Pelecypoda,  158,  172,  175,  179,  192, 
196,  203,  212-214,  248,  249,  297, 
Oriskany,  PI.  13,  iViiddle  and  Up- 
X:>er  Devonian  Pis.  23,  25-28 
Pentagonia  unisalcata,  158 
Pentamerclla  arata,  158,  IM.  19, 
figs.  2.  3,  4 
S[).,  229,  PL  19,  fig’.  5 
“Pentameriis  galcatiis,”  6 
Peialotrypa  com pressa,  212 
Phacops  htifo,  159 

cristata,  159.  Pi.  31,  fig.  11 
cristata  var.  pipa,  159,  PI.  31, 
figs.  12-15 

logani,  54,  160,  PL  7,  figs,  la-c 
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rana,  159,  176,  178,  183,  190,  193, 
194,  314,  238,  330,  PI.  31,  figs. 
7-10 

sp„  113,  159,  178,  179,  193,  193, 
230 

PhoctJul Hides  (jemmwus,  160,  PI.  31, 
fig.  33 

PhoUdops  areolata,  156,  183 
haniiltonicB,  182 

multilamellosa,  111,  114-116,  PI. 

10,  figs.  13,  13 
ovata,  41,  111 
tuinida,  111 
sp.,  156,  329 

PhoUdosi ropliia  pennsplvanica,  156, 
PI.  17,  fig.  7 

Phragniostoma  natator,  206 
Phthoiiia  iivdicosiata,  PI.  28,  fig. 
23 

sp.,  215 

Phyllocarida,  160,  171,  173,  190,  193, 
290,  PI.  31 

Pisces  (See  Ostracodermi,  “Pish,” 
etc.) 

Plants,  160,  171,  174,  178,  183,  190', 
192,  194,  313,  214,  218,  230,  PI.  32; 
coal,  20 ; Montebello,  198 
Platpceras  auriculatinii,  179,  PI.  29, 
fig.  30 

carinafum,  230 
conicinii,  179,  PI.  29,  fig.  31 
erectinit,  183,  189,  193,  PL  39,  fig. 
32 

gebhardi,  109,  113,  114,  116,  PI. 
14,  fig.  2 

gehhurdi  var.  vcntrieosuuu  112 
iictchcrrgi,  112,  PI.  13,  fig.  14 
iiudosuin,  112.  PI.  13,  fig.  13 
prosscri,  PI.  29,  fig.  33 
spira-lc,  113 
subconicum,  113,  114 
subfalcuin , 112 
sp.,  114,  159,  213 

Plutgorthis  plunoconvcxa,  64,  65, 
111,  114,  116.  I’l.  3,  figs.  6a,  c,  PI. 
10,  figs.  14,  15 

Platystoiua  eimmphaloides,  159, 
189,  PI.  29,  tig.  34 
sp.,  159 

Plethorhgiicha  camphellana,  71 
spccios((.  111,  PI.  12,  fig.  10 
Pleurodictyum  stylopora,  PI.  15, 
fig.  14 

SX3.,  329,  PI.  15,  figs.  15,  16 
sp.  nov.,  185 

“Pleuroiihynchus  trigonalis,"  5 
Pleurotumuria  capilluria,  183,  189, 
192,  193,  211,  213,  214,  230,  PI. 
29,  figs.  14-16 
crassa,  158 

flUtcxIu,  PL  39,  fig.  17 
geiiundeica,  I'l.  29,  fig.  13 
itys,  177,  PL  29,  fig.  18 
luciua,  158,  I’L  29,  fig.  19 


rotnJia,  183 

sulconiarginafa,  183-185,  189,  192, 
193,  PL  29,  figs.  20.  21 
sp.,  158,  177,  179,  193,  193,  218, 
230 

Plethorhynclia  speciosa,  111 
Phuu  idaria  sp.,  PL  33,  flg.  11 
PoJygnaihus  sp.,  156 
Polyporn  distniis,  156 
bexngonalis,  156 
sp.,  156 

Porifera,  iMiddle  and  Upper  De- 
vonian. PL  15 

Posidonia  mesacostalis,  218,  PL  25, 
fig.  12 

Pru-cnrdium  rctushniu  PL  27,  fig. 
24 

Primifielln  t'cntricosa,  113 
Prohclocerns  lutheri,  206,  218,  230, 
PL  30,  fig.  23 
sp.,  203 

Prodiirtella  nrctirosfrata,  PL  18, 
fig.  1 1 

diimosa,  183 

It  istriciila.  PL  18.  fig.  21 
Inch ryiuosn,  212,  248,  249,  PL  18, 
figs.  12,  13.  14 

Inchryinosa  var.  lima,  PL  18,  fig. 
17  ' 

Inch rymosn  var.  stigmata,  251, 
289.  290,  298,  PL  18,  figs.  15,  16 
miricella,  157 
omnasta,  PL  18,  fig.  18 
spcciosa,  248,  PL  18,  fig.  19 
spiuulicostn,  175,  178,  182,  183, 
186,  229.  I’l.  18,  fig.  20 
sp.,  157,  212 

Product  us  hallamts,  PL  18,  fig.  22 
Prrrtus  roiri,  183,  230,  PL  31,  fig. 
22 

sp.,  159 

Prothyris  lanceolata,  187,  PI.  28, 
fig.  20 

Protolcpidodcndron  sp.,  PL  33,  fig. 
9 

Prospiraxis  sp,.  253 
PsyJopli yton  princeps,  214 
Pteridichnites  biseriatus,  216,  318, 
233,  PL  15,  figs.  22,  23,  24 
Pterinea  cliemungcnsis,  212,  248, 
249,  PL  23,  fig.  11 
consimilis,  PL  23,  fig.  14 
dispauda,  PL  23,  fig.  12 
flabeUum,  179,  183,  188,  193,  PL 
23,  fig.  16 

intcrstrialis,  248,  PL  33,  fig.  13 
nodocostu,  PL  23,  fig.  17 
prora,  212,  PL  23,  fig.  15 
reprobra,  PL  24,  fig.  1 
reversa,  248 
sp.,  249 
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Pterhiopecten  crenicostatiis,  PI.  23, 
fig.  8 

inidosiis,  183,  PI.  23,  fig.  9 
rctuninua.  PI.  23,  fig.  10 
sp.,  179,  213 

Ptcroclxenia  casliaqiicc,  218,  PI.  28, 
figs.  9,  10 

frar/ilis,  206,  218,  PI.  28,  figs,  5.  6 
fragilis  var.  orhicularis,  PI.  28, 
fig.  7 

fragilis  var.  nov,  218 
sinuosa,  218,  PI.  28,  fig.  8 
Pterodijcta  frondosa,  45 
Pteropoda,  203,  Oriskany,  PI.  13, 
Middle  and  Upper  Devonian,  Pis. 
29,  30 

Pugnax  pugnus,  211,  T’l.  20,  fig.  8 
pugnus  var.  alius,  PI.  20,  fig.  9 
Pyxiprimitia  ventriclefta,  113,  PI. 
8,  figs,  oa-c 

veiitripunctafa,  112,  PI.  8,  figs. 
4a-d 

R 

Receptaculites  sp.,  178,  PI.  15,  fig.  1 
Rensselwria  cutnherlandiop,  112,  116 
marylandica,  112,  114,  PI.  11,  fig. 

2 

muiahilis,  41,  PI.  1,  figs.  6a.  b 
oralis,  112,  114,  116,  PI.  12,  fig. 
24 

oroides,  112,  114,  PI.  11,  fig.  3 
subglodosa,  70-73,  Table  XIV,  PI. 
5,  figs.  5a,  b 

suessana,  112,  114,  116,  PI.  12, 
figs.  21-23 
sp.,  48 

Reticularia  Icevis,  215,  216,  312,  PL 
22,  figs.  1-3 

Rhiuocaris  capsella,  PI.  31,  fig.  28 
columhina,  213.  PI.  31,  fig.  29 
Rhipidomella  assiiuilis,  71 
cyclas,  157 

leucosia,  157,  182,  184,  186,  PI.  18, 
fig’s.  26,  27 
marylandica.  111 
musculosa,  64,  111,  PI.  3,  fig.  2, 
PI.  10,  figs.  18,  19,  20 
oblata,  54,  60,  111,  116,  PI.  3,  figs, 
la-g,  8 

penelope,  186,  PI.  18,  fig.  28 
vanuxemi,  157,  172,  178,  182,  183, 
186,  192,  196,  210,  211,  212,  214, 
216,  229,  PI.  18,  figs.  29,  30 
sp.,  22,  182,  193,  212,  213,  229 
Rhynchonellidse,  22 
Rhynchospira  ylobosa,  41 
sp.,  41,  PI.  2,  fig.  1 
Ru'inerclla  graiidis,  214,  PI.  16,  fig. 
14 


S 

Sanguinolitcs  suhtrunrata.  PI.  28. 
fig.  29 

iindulatus,  PI.  28,  fig.  30 
Schi~odiscus  antecrenulus,  183 
Sclii.rodus  apprcssus,  PI.  28,  fig.  15 
ohlatus,  PI.  28,  fig.  16 
rliomheus,  PI.  28,  figs.  18,  19 
Irigonalis,  PI.  28,  fig.  17 
sp.,  158,  179,  213,  251,  289 
Scliizoplioria  propiuqua.  157,  PI.  19, 
fig.  1 

striatula,  157,  186,  212,  213,  215, 
248,  249,  PI.  18.  figs.  31-34 
tulliensis.  231 

Scliuchertella  becraftensis.  111,  114, 
116,  PI.  12,  figs.  4,  5 
chemungensis,  249,  251.  289,  PL 
17,  figs.  10,  11 
ellipiica,  PL  17,  fig.  12 
pandora,  153,  157,  PL  17,  figs. 
13,  14 

perversa,  157 

variabilis,  157,  175,  180,  182,  184, 
186,  192.  229,  PL  17,  figs.  15.  16 
ivoolicortliana,  60,  71,  109,  PL  5, 
figs,  la-e 
sp..  Ill 
sp.  nov.,  212 
Semicoscinium  sp.,  212 
“Rieberella  galeata,”  55 
"Sieberella  pseudoglwafa,”  69 
Soleinya  ventrosta,  183,  PL  28.  fig. 
21 

Kpathella  typica,  PL  27,  fig.  12 
Sphenotus  clarus,  PL  27,  fig.  11 
contractus,  251,  289,  290,  PL  27, 
fig.  10 
sp.,  213 

Spine  (fish),  PL  32,  fig.  5 
“Splrifer”  acuminatus,  157,  179, 

187,  PL  20,  fig.  26 
angustus,  176,  178,  182,  183,  187, 
192,  193,  214,  PI.  20,  fig.  27 
arenosus,  5,  20,  69,  71,  72,  93,  100, 
105,  106,  108,  112,  114,  116, 

Tables  XIII,  XIV,  PL  11.  figs. 

5,  6,  7 

aroostookensis,  64,  65,  70,  71,  PL 

6,  figs.  6a-f 

audaculus,  158,  163,  177,  178,  179, 
182,  183,  185,  187,  192,  214,  PL 
21,  figs.  1,  2,  3 

concinnus,  64,  65,  69,  70,  71,  Table 
XIII 

concinnus  var.,  I’l.  6,  figs.  5a-f 
consorbrinus,  PL  21,  fig.  4 
corallinensis,  I’L  2,  figs.  1,  3a,  b 
Cumberland  iw,  112 
cyclopterus,  54,  60,  64,  68,  71, 
Table  X^T1,  PL  6,  figs.  3a-g 
disjunctus,  7,  201,  209,  213,  215, 
237-239,  247-249,  251,  267,  271, 
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273,  274,  289-291,  297,  298,  311, 
374,  PI.  21,  fig’s.  5,  6 
divaricatns,  178,  PI.  21,  figs.  7,  8 
duodenarius,  153,  158 
oaspensis,  116,  117 
granulosus,  176-178,  182-184,  187, 
192,  193,  214,  PI.  21,  figs.  9, 
10,  11 

hartleyi,  112 

macrothyris,  158,  PI.  21,  fig.  27 
niacropleurus  (See  Eospirifer 
macropleurus) 
marcus,  153,  158 
marcyi  var.  superstes,  210,  211, 
249,  PI.  21,  fig.  12 
mesacostalis,  210-213,  248,  249, 
251,  252,  263,  289,  290,  PI.  21, 
figs.  13,  14 

mesastrialis,  211-215,  229,  237, 

247,  249,  PI.  21,  figs.  15,  16 
modestus,  41,  PI.  1,  figs.  7a,  b 
modestus  var.  plicatus,  PI.  1, 
figs.  8a-c,  PI.  2,  figs.  4a-l 
mucronatus,  134,  171,  176-180, 

182,  183,  187,  191-194,  214,  215, 
229,  PI  21,  fig.  17 

mucronatus  var.  posterns,  212- 
214,  229,  249,  PI.  21,  figs.  18, 
19 

murchiso7ii,  50,  65,  66,  72,  93.  112, 
114,  116,  117,  Tables  XIII, 

XIV,  XVH,  PI.  11,  figs.  9,  10 
octocostatus,  158 
pauliformis,  230,  PI.  21,  figs.  20, 
21 

perlamellosus,  60,  (55,  PI.  6,  figs. 
2a-d 

raricostus,  157,  1*1.  21,  fig.  22 
sculptilis,  178,  182-184,  187,  PI. 
21,  fig.  23 

trihiiUs,  112,  117,  PI.  11,  fig.  8 
tullius,  135,  137,  138,  166,  177, 

183,  187,  196,  208,  230,  PL  21, 
figs.  24,  25 

vanuxemi,  51,  PI.  1,  fig.  9 
vanuxemi  var.  progiwsticus,  41 
varicosus,  157 

williamsi,  251,  289,  290,  PL  21, 
fig.  26 

sp.,  158,  179,  184,  185,  203,  214, 
228,  230,  Ilelderberg.  PL  6,  fig. 
4 

Sponge,  156 
Spore  cases,  183 

Spyroceras  croiahun,  179,  193,  PL 
30,  fig.  25 
nuntium,  183,  230 

Stenochisma  deckcrcnsis,  41,  PL  1, 
figs.  5a-c 
formosa,  116 
lamellata,  42,  49 


Strcelenia  t)arrandii,  ill,  114,  PL 
12,  fig.  11 

harrandi  var.  fltcliana.  111 
pleioplcnra.  111,  114,  PL  12,  fig. 
12 

Straparollus  hecale,  PL  29,  fig.  23 
Streptehisiua  rectum,  178,  185,  PL 
15,  figs.  4,  5 
Strictopora^  sp.,  229 
Stromatopora  sp.,  41,  156 
Stromatoporoids,  22,  41 
Strophalosia  truncata,  157,  171,  174, 
175,  183,  186,  194,  PL  18,  figs. 
9,  10 

Stropheodonta  arctininscula.  111, 
114,  PL  10',  figs.  21,  22 
hechii.  111,  PL  12,  fig.  3 
hipartita,  41 

concava,  157,  183,  PL  16,  figs.  27, 
28 

demissa.  111,  116,  157,  172,  178, 
180,  186,  191,  212,  213,  229,  251, 
289,  PL  16,  figs.  29,  30,  31,  PL 
17,  fig.  1 

inequistriata,  157,  182,  186,  196,* 
PL  17,  figs.  2,  3 

magnifica.  111,  114,  117,  PL  12, 
fig.  2 

maynardi,  212,  PL  17,  fig.  4 
orisicania.  111 

patersoni,  157,  PL  17,  figs.  5,  6 
planulata.  111,  114 
punctuLifcra,  54,  114,  PL  12,  fig. 
1 

veristriata,  43,  PL  3,  figs.  7a,  b 
sp.,  114,  179,  214,  229 
sp.  nov.,  180 

Strophonella  ccelata,  248 

leavenwortliana,  54,  60,  PL  4, 
figs.  6a,  b 

punctuUfera,  60>,  111,  PL  12,  fig. 
1 

radiata,  109 

undaplicata,  PL  3,  fig.  8,  PL  4, 
figs.  7a-c 

Styliolma  flssurella,  135,  159,  171, 
172,  174,  175,  183,  189,  193,  194, 
206,  218,  230,  PL  29,  fig.  41 
sp.,  109,  137,  159 

Stylonurus  sltaffneri,  PL  31,  fig.  31 
Synphoria  dentatus,  PL  6,  figs. 
5a-f,  PL  7,  figs.  4a-f 
micrnrus,  PL  7,  fig.  3 
sp.,  PL  7,  fig.  2a,  b 
Syringopora  maclurei,  178 
Syringothyris  texta,  PL  22,  figs.  7, 
8,  9 
sp.,  20 

T 

Taonurus  sp.,  134,  137,  146,  151,  156, 
172,  180,  182,  184,  190,  192,  193, 
198,  229,  PL  15,  fig.  21 
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Technicrinus  spinulosiis,  111,  114 
TelUnopsis  suhemar(jinata,  188,  193, 
PI.  28,  fig.  22 

Tentaculites  aculus,  112,  114 
acus,  112,  114 

bellulus,  159,  174,  182,  183,  189, 
230,  PI.  29,  figs.  42,  43 
descissHS,  212,  230 
elongatus,  112,  116 
(JUroc(i)iUius,  43,  51,  Pi.  1,  fig.  12 
reed  si,  112,  114,  PI.  13,  fig.  9 
spiciiliis,  212,  213,  PI.  29,  fig,  44, 
PI.  30,  fig.  1 
sp.,  159,  204 
sp.  nov.,  213 

“Tentaculites  ornutus,"  6 
Thamniscus  sp.,  178 
Thlipsura  conflueus,  72,  113,  Pi.  9, 
figs.  4a-e 

robusta,  113,  PI.  9,  figs.  6a,  b 
robusta  var.  tricornis,  113 
tricorn  is,  PI.  9,  figs.  5a-c 
Tlilipsurellu  crateriforniis,  113,  PI. 
9,  fig.  9 

curtinensis,  113 
ellipsocleftu,  113,  PI.  9,  fig.  11 
multipunctata,  65,  68,  72,  73, 

Tables  XIII,  XIV 
obloHija,  113,  114,  Pi.  9,  figs.  7a,  b 
orthovlefta,  113,  PI.  9,  figs.  8a,  b 
secoclefta,  72,  113,  PI.  9,  figs. 
lOa-d 

tricornis,  72 

Thjjnopus  antiquus,  253,  365 
Thysanocrinus  euyenius,  111 
Trachypora  oriskania.  Ill,  114 
Trails,  216,  266,  Pis.  15,  32 
Trematospira  equistriata,  68 
multistriata,  60,  112,  Pi.  5,  fig. 
6,  PI.  11,  fig.  11 

Trilobita,  22,  160,  179,  192,  203,  213, 
Helderberg,  PI.  7,  Oriskany,  PI. 
14,  Middle  and  Upper  Devonian, 
PI.  31 

Triphyllopteris  sp.,  281 
Trochoncma  tibratuin,  PI.  29,  fie 
24 

Tropidocaris  sp.  nov.,  190 


'ropidolept  us 

carinat, 

us. 

134, 

171, 

177-180, 

182-184,  187, 

191 

-194, 

211- 

214,  229, 

. 249 

, ri.  20, 

fig 

s.  14, 

15, 

16 

sp.,  137, 

139, 

157 

'ubulibuir 

dia 

1 ubulifera. 

113, 

114, 

PI.  9,  figs.  Kia,  b 
Turbo  sp.,  178 
Tylodictya  sp.,  253 

U 

Ulrichiu  uffinis,  113,  PI.  8,  figs. 
8a-e 

conradi,  160 

pluripunctata,  113,  PI.  8,  figs. 
6a-e 

tenninata,  113,  PI.  8,  figs.  7a,  b 
sp.,  160 

Vncinulus  abruptus,  60 
convexorus,  47 

vcUicutus,  111,  PI.  12,  figs.  19,  20 
V 

“Vermes”  Middle  and  Upper  De- 
vonian, PI.  15 
Vertebrata,  365,  PI.  32 
Vitulina  pustulosu,  135,  137-140, 

158,  166,  177-180,  182-185,  187, 

193,  194,  214,  PI.  22,  figs.  28,  29 

W 

WhiffleldeUa  minuta,  41 
Wood  fragments  (See  plantse) 
Worm  trails  (See  frails,  “Ver- 
mes”), 216 

Z 

Zaphrentis  prolifica.  156,  178,  182, 
185,  193,  PI.  15,  fig’s.  6,  7 
rwincri.  111,  PI.  10,  fig.  2 
simplex,  156,  175,  178,  179,  185, 
194,  PI.  15,  figs.  8,  9 


481 


F r,  A 


(g-  1^  ■'■■V  . T,  . ' 


J. 

■**.T  ■ 


‘4' 


I 


^^W^LSutJte'‘1ir\  111  -i'kVi  i'/V' 


